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ASTRONOMY 

I 


EXPLAINED  UPON 

Sir  ISAAC  NEWTON’s  Principles. 

C H A P.  I. 

Of  AJironomy  in  general, 

1.  all  tlie  fciences  cultivated  by  mankind, 

I 1 Aftronomy  is  acknowledged  to  be,  and 
undoubtedly  is,  the  moft  fublime,  the 
mod interefting, and themoft ufeful.  For,by know- 
ledge derived  from  this  fcience,  not  only  the  bulk 
of  the  earth  is  difcovered,  the  fituation  and  extent 
of  the  countries  and  kingdoms  upon  it  afeertained, 
trade  and  commerce  carried  on  to  the  remoteft 
part  of  the  world,  and  the  various  produds  of 
feveral  countries  diftributed  for  the  health,  comfort, 

and  conveniency  of  its  inhabitants;  but  our  very 
faculties  are  enlarged  with  the  grandeur  of  the  ideas 
it  conveys,  our  minds  exalted  above  the  low  con- 
trafled  prejudices  of  the  vulgar,  and  our  under- 
ftandings  clearly  convinced,  and  affeded  with 
the  convidion  of  the  exiftence,  wifdom,  power, 
goodnefs,  immutability,  and  fuperintendency  of 
the  SUPREME  BEING  ! So  that  without  an 
hyperbole, 

“ An  undevout  Aflronomer  is  mad*.” 

2.  From  this  branch  of  knowledge  we  alfo  learn 
by  what  means  or  laws  the  Almighty  carries  on, 
and  continues  the  wonderful  harmony,  order,  and 
connexion  obfervable  throughout  the  planetary 
fyftem;  and  are  led  by  very  powerful  arguments 

to  form  this  pleafingdedudion,  that  minds  capable 

• Dr.  Young’s  Night  Thoughts. 


The  general 
ufeofAftro* 
flomy. 


of 


2 


The  Earth 
hilt  a point 
as  Teen  from 
the  SuHa 


The  Stars 
are  Suns, 


and  Innu* 
merablet 


Of  ^Jironomy  in  general, 

of  fuch  deep  refearches,  not  only  derive  their  ori- 
gin from  that  adorable  Being,  but  are  alfo  in- 
cited to  afpire  after  a more  perfe6t  knowledge  of 
his  nature,  and  a ftrifter  conformity  to  his  will. 

3.  By  Aftronomy  we  difcover  that  the  Earth  is 
at  fo  great  a diftance  from  the  Sun,  that  if  feen 
from  thence  it  would  appear  no  bigger  than  a 
point;  although  its  circumference  is  known  to  be 
25,620  miles.  Yet  that  diftance  is  fo  fmall,  com- 
pared with  the  Earth’'s  diftance  from  the  Fixed 
Stars,  that  if  the  orbit  in  which  the  Earth  moves 
round  the  Sun  were  folid,  and  feen  from  the  near- 
eft  Star,  it  would  like  wife  appear  no  bigger,  than 
a point,  although  it  is  about  162  millions  of  miles 
in  diameter.  For  the  Earth  in  going  round  the 
Sun  is  162  millions  of  miles  nearer  to  fome  of  the 
Stars  at  one  time  of  the  year,  than  at  another; 
and  yet  their  apparent  magnitudes,  fituations,  and 
diftanccs  from  one  another  ftill  remain  the  fame; 
and  a telefcope  which  magnifies  above  200  times, 
does  not  fenfibly  magnify  them ; which  proves 
them  to  be  at  leaft  400  thoufand  times  farther 
.from  us  than  we  are  from  the  Sun. 

4.  It  is  not  to  be  imagined  that  all  the  Stars  are 
placed  in  one  concave  lurface,  fo  as  to  be  equally 
diftant  from  us ; but  that  they  are  placed  at  im- 
menfe  diftances  from  One  another  through  unli- 
mited fpace.  So  that  there  may  be  as  great  a dif- 
tance between  any  two  neighbouring  Stars,  as  be- 
tween our  Sun  and  thofe  which  are  neareft  to  him. 
Therefore  an  Obferver,  who  is  neareft  any  fixed 
Star,  will  look  upon  it  alone  as  a real  Sun;  and 
confider  the  reft  as  fo  many  fhining  points,  placed 
'at  equal  diftances  from  him  in  the  Firmament. 

5.  By  the  hel  p of  telefcopes  we  difcover  thoufands 
of  Stars,  which  are  invifible  to  the  bare  eye;  and 
the  better  our  glafies  are,  ftill  the  more  become 
vifible:  fo  that  we  can  fct  no  limits  either  to  their 
number  or  their  diftanccs.  The  celebrated  Huy- 
gens carried  his  thoughts  fo  far,  as  to  believe  it 

.7  not 
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not  impoflible  that  there  may  be  Stars  at  fuch 
inconceivablediftances,  that  their  light  has  not  yet 
reached  the  Earth  fince  its  creation j although 
the  velocity  oflight  be  a million  of  times  greater 
than  the  velocity  of  a cannon  ball,  as  lhall  be 
demonftrated  afterward,  § 197.  216  : and,  as 
Mr.  Addison  very  juftly  obferves,  this  thought  is 
far  from  being  extravagant,  when  we  confider  that 
the  Univerfe  is  the  work  of  infinite  power,  prompted 
by  infinite  goodnefs;  having  an  infinite  fpace  to 
exert  itfelf  inj  fo  that  our  imaginations  can  fet  no 
bounds  to  it. 

6.  The  Sun  appears  very  bright  and  large  in  why  the 
comparifon  of  the  Fixed  Stars,  becaufe  we  keep  ^gy/thVii* 
conftantly  near  the  Sun,  in  comparifon  of  our  im-  iheSun. 
menfe  diftance  from  the  Stars.  For,  a fpedlator 
placed  as  near  to  any  Star  as  we  are  to  the  Sun, 

would  fee  that  Star  a body  as  large  and  bright  as 
the  Sun  appears  to  us:  and  a fpeclator,  as  far 
diftanc  from  the  Sun  as  we  are  from  the  Stars, 
would  fee  the  Sun  as  fmall  as  we  fee  a Star,  di- 
vefted  of  all  its  circumvolvingplanets;  and  would 
reckon  it  one  of  the  Stars  in  numbering  them. 

7.  The  Stars  being  at  fuch  immenfe  diftances  TheStan 
from  the  Sun,  canaot  poflibly  receive  from  him  fo  nght^ned" 
ftrong  a light  as  theyfeem  to  have;  nor  any  bright-  <>y  the  sun. 
nefs  fufficient  to  make  them  vifible  to  us.  For 

the  Sun’s  rays  muft  be  fo  fcattered  and  diffipated 
before  they  reach  fuch  remote  objeds,  that  they 
can  never  be  tranfmitted  back  to  our  eyes,  fo  as 
to  render  thefe  objefts  vifible  by  reflexion.  The 
Stars  therefore  Ihine  with  their  own  native  and  un- 
borrowed lufire,  as  the  Sun  does;  and  fince  each 
particular  Star,  as  well  as  the  Sun,  is  confined  to  a 
particular  portion  of  fpace,  it  is  plain  that  the  Stars 
are  of  the  fame  nature  with  the  Sun. 

8.  It  is  no  ways  probable  that  the  Almighty, 
who  always  a£ls  with  infinite  wifdom,  and  doesno- 
t ing  in  vain,  fliould  create  fo  many  glorious  Suns, 

t lor  fo  many  important  purpoles,  and  place  them 
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at  fuch  diftances  from  one  another,  without  pro- 
per objedls  near  enough  to  be  benefited  by  their 
They  are  influcnces.  Whoever  imagines  thcy  Were  Created 
furr^ou^nLd  Only  to  givc  a faint  glimmering  light  to  the  inha- 
by  nianets.  bitants  of  this  Globe,  muft  have  a very  fuperficial 
knowledge  of  Aftronomy,  and  a mean  opinion  of 
the  Divine  Wifdom:  fince,  by  an  infinitely  lefs 
exertion  of  creating  power,  the  Deity  could  have 
given  our  Earth  much  more  light  by  one  fingle  ad- 
ditional Moon. 

9.  Inftead  then  of  one  Sun  and  one  World  only 
in  the  Univerfe,  as  the  unikilful  in  Aftronomy 
imagine,  that  Science  difcovers  to  us  fuch  an  in- 
conceivable number ofSuns,  Syftems,  and  Worlds, 
difperfed  through boundlefs  Space,  thatifour Sun, 
with  all  the  Planets,  Moons,  and  Comets,  belong- 
ing to  it,  were  annihilated,  they  would  be  no  more 
miffed,  by  an  eye  that  could  take  in  the  whole 
Creation,  than  a grain  of  fand  from  the  fea-lhore. 
The  fpace  they  poffefs  being  comparatively  fo 
fmall,  that  it  would  fcarce  be  a fenfible  blank  in 
the  Univerfe,  although  Saturn,  the  outermoft  of 
our  planets,  revolves  about  the  Sun  in  an  Orbit 
of  4884  millions  of  miles  in  circumference*,  and 
fome  of  our  Comets  make  excurfions  upward  of 
ten  thoufand  m.illions  of  miles  beyond  Saturn’s 
Orbit;  and  yet,  at  that  amazing  diftance,  they  are 
incomparably  nearer  to  the  Sun  than  to  any  of  the 
Stars  ; as  is  evident  from  their  keeping  clear  of 
the  attradlive  power  of  all  the  Stars,  and  returning 
periodically  by  virtue  of  the  Sun’s  attradlion. 

Tiic  fieiiar  lo.  Erom  what  wc  know  of  our  own  Syftcm,  it 

punetsmay  reafonably  concluded  that  all  the  reft  are 

behabitabf,  wifdom  contrived,  fituated,  and  pro- 

vided with  accommodations  for  rational  inhabit- 
ants. Let  us  therefore  ta;ke  a furvey  of  the 
Syftem  to  which  we  belong;  the  only  one  accef- 

* The  Georgian  Planet,  difcovered  fince  Mr,  Fergufon’s 
time,  revolves  round  the  Sun  in  an  Orbit  5673  millions  of 
miles  in  circumference.  ni- 
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fible  to  US;  and  from  thence  we  fliall  be  the  better 
enabled  to  judge  of  the  nature  and  end  of  the 
other  Syftems  of  the  Univerfe.  For  although 
there  is  almoft  an  infinite  variety  in  the  parts  of 
the  Creation,  which  we  have  opportunities  of  exa- 
mining, yet  there  is  a general  analogy  running 
through  and  connedling  all  the  parts  into  one 
fcheme,  one  defign,  one  whole  ! 

II.  And  then,  to  an  attentive  confiderer,  it  will 
appear  highly  probable,  that  the  Planets  of  our 
Syftem,  together  with  their  attendants  called  Satel-  a<  our  Solar 
lites  or  Moons,  are  much  of  the  fame  nature  with 
our  Earth,  and  deftined  for  the  like  purpofes. 

For  they  are  folid  opaque  Globes,  capable  of  fup- 
porting  animals  and  vegetables.  Some  of  them 
are  bigger,  fome  lefs,  and  fome  much  about  the 
fize  of  our  Earth.  They  all  circulate  round  the 
Sun,  as  the  Earth  does,  in  a fliorter  or  longer 
time,  according  to  their  refipedive  diftances  from 
him;  and  have,  where  it  would  not  be  inconve- 
nient, regular  returns  of  fummer  and  winter,  fprino- 
and  autumn.  They  have  warmer  and  colder 
climates,  as  the  various  produ6lions  of  our  Earth 
require:  and,  in  fuch  as  afford  a poffibility  of 
difcovering  it,  we  obferve  a regular  motion  round 
their  axis  like  that  of  our  Earth,  caufing  an  alter- 
nate return  of  day  and  night;  which  is  necelTary 
for  labour,  refl:,  and  vegetation,  and  that  all  parts 
of  their  furfaces  may  be  expofed  to  the  rays  of  the 


to  enlighten 
their  nights. 


12.  Such  ofthe  Planets  as  are  fartheft  from  the  Thefartheii 

oun,  and  therefore  enjoy  leaft  of  his  lieht  have 

that  deficiency  made  up  by  ftveral  Moons,  which 
conltantly  accompany,  and  revolve  about  them 
as  our  Moon  revolves  about  the  Earth.  The 
remoteft  Planet  has,  over  and  above,  a broad  rino- 
^eompaffing  it;  which  like  a lucid  Zone  in  th? 

rh!rpi  ^ copioufly  on 

that  Planet;  fo  that  if  the  remoter  Planets  have 

the  bun  s light  fainter  by  day  than  we,  they  have 

an 
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an  addition  made  to  it  morning  and  evening  by 
one  or  more  of  their  moons,  and  a greater  quan- 
tity of  light  in  the  night-time. 

Our  Moon  13.  On  the  furface  of  the  Moon,  becaufe  it  is 
ruTiike"’  nearer  to  us  than  any  other  of  the  celeftial  Bodies 
the  Earth,  are,  wc  difcovcr  a nearer  refemblance  of  our  Earth. 

For,  by  the  affiftance  of  telefcopes,  we  obferve  the 
Moon  to  be  full  of  high  mountains,  large  valleys, 
and  deep  cavities.  Thefe  fimilarities  leave  us  no 
room  to  doubt,  but  that  all  the  Planets  and 
Moons,  in  the  Syftem,  are  defigned  as  commodious 
habitations  for  creatures  endowed  with  capacities 
of  knowing  and  adoring  their  beneficent  Creator, 
14.  Since  the  FixedStars  are  prodigious  fpheres 
of  fire,  like  our  Sun,  and  at  inconceivable  dif- 
tances  from  one  another,  as  well  as  from  us,  it  is 
reafonable  to  conclude  they  are  made  for  the  fame 
purpofes  that  the  Sun  is;  each  to  beftow  light, 
heat,  and  vegetation  on  a certain  number  of  in- 
habited Planets,  kept  by  gravitation  within  the 
fphere  of  its  adtivity. 

Numbe.iefs  What  an  auguft,  what  an  amazing  conccp- 

woridi"'^  tion,  if  human  imagination  can  congeive  it,  does 
this  give  of  the  works  of  the  Creator!  Thoufands 
of  thoufandsof  Suns,  multiplied  without  end,  and 
ranged  all  around  us,  at  immenfe  diftances  from 
each  other,  attended  by  ten  thoufand  times  ten 
thoufand  worlds,  all  in  rapid  motion,  yet  calm, 
regular,  and  harmonious,  invariably  keeping  the 
paths  preferibed  them;  and  thefe  worlds  peopled 
with  myriads  of  intelligent  beings,  formed  for  end- 
Jefs  progreffion  in  perfedlion  and  felicity! 

16.  If  fo  much  power,  wifdom,  goodnefs,  and 
magnificence  is  difplayed  in  the  material  Creation, 
whmh  is  the  leaft  confiderable  part  of  the  Uni- 
verfe,  how  great,  how  wife,  how  good  muft  HE 
be,  who  made  and  governs  the  Whole! 
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A brief  Defcription  of  the  Solar  System. 

ly.'T'HE  Sun,  with  the  Planets  and  Comets 
which  move  round  him  as  their  center,  con- 
ftitute  the  Solar  Syftem.  Thofe  Planets  which  are 
near  the  Sun  not  only  finifh  their  circuits  fooner, 
but  likewife  move  fafter  in  their  refpedtive  Orbits, 
than  thofe  which  aremore  remote  from  him.  Their 
motions  are  all  performed  from  weft  to  eaft,  in 
Orbits  nearly  circular.  Their  names,  diftances, 
bulks,  and  periodical  revolutions,  are  as  follow  : 


i8.  The  Sun  o,  an  immenfe  globe  of  fire,  is 
placed  near  the  common  center,  or  rather  in  the 
lower*  focus,  of  the  Orbits  of  all  the  Planets  and 
Cometsf  j and  turns  round  his  axis  in  25  days 
6 hours,  as  is  evident  by  the  motions  of  fpots  feen 
on  his  furface.  His  diameter  is  computed  to  be 
763,(1^0  miles;  and,  by  the  various  attraftions  of 
the  circumvolving  Planets,  he  is  agitated  by  a 


• If  the  two  ends  of  a thread  be  tied  together,  and  the 
thread  be  then  thrown  loofely  round  two  pins  ftuck  in  a table, 
and  moderately  Itretched  by  the  point  of  a black-lead  pencil 
carried  round  by  an  even  motion  and  light  pre/Tureof  the  hand, 
an  oval  or  ellipfis  will  be  deferibed;  and  the  points  where  the 
pins  are  fixed  are  called  the  foci  or  focufes  of  the  ellipfis.  The 
Orbits  of  all  the  Planets  are  elliptical,  and  the  Sun  is  placed 
i^n  or  near  one  of  the /or/  of  each  of  them  ; and  that  in  which 
he  IS  placedj  is  called  the  lofwer focus* 

t Allronomers  are  not  far  from  the  truth  when  they  reckon 
Sun’s  center  to  be  in  the  lower  focus  of  all  the  Planetary 
f fpeaking.  if  we  co'nfider  the  focus 

of  Mercury  s Orbit  to  be  in  the  Sun’s  center,  the  focus  of 
enus  s Orbit  will  be  in  the  common  center  of  gravity  of  the 
iun  and  Mercury  ; the  focus  of  the  Earth’s  Orbit  in  the  com- 
jnon  center  ^gravity  of  the  Sun,  Mercury,  and  Venus;  the 
us  of  the  Orbit  of  Mars  in  the  common  center  of  gravity  of 
Ver  .K  and  the  Earth  ; and  fo  of  the  reft. 

wiTl  nnr  CM  " Saturn. 

w5  fenfibly  removed  from  the  center  of  the  Sun;  nor 

the  focus  of  Saturn’s  Orbit  recede  frnfibly  from  the  com- 
mon center  of  gravity  of  the  Sun  and  Jupiter. 
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fmall  motion  round  the  center  of  gravity  of  the 
Syrtem.  All  the  Planets,  as  feen  from  him,  move 
the  fame  way,  and  according  to  the  order  of  the 
Signs  in  the  graduated  Circle  T a n 25,  &c.  which 
reprefents  the  great  Ecliptic  in  the  Heavens  ; but, 
as  feen  from  any  one  Planet,  the  reft  appear  fome- 
times  to  go  backward,  fometimes  forward,  and 
fomecimes  toftand  ftill;  not  in  circles  norellipfes, 
but*  in  looped  curves,  which  never  return  into 
themfelves.  The  Comets  come  from  all  parts  of 
the  Heavens,  and  move  in  all  forts  of  direftions. 

19,  Having  mentioned  the  Sun’s  turning  round 
his  axis,  and  as  there  will  be  frequent  occafion  to 
fpeak  of  the  like  motion  of  the  Earth  and  other 
Planets,  it  is  proper  here  to  inform  the  young  Tyro 
in  Aftronomy,  that  neither  the  Sun  nor  Planets 
have  material  axes  to  turn  upon,  and  fupport  them, 
as  in  the  little  imperfedl  machines  contrived  to 
reprefent  them.  For  the  axis  of  a Planet  is  a line 
conceived  to  be  drawn  through  its  center,  about 
which  it  revolves  as  if  on  a real  axis.  The  extre- 
mities of  this  line,  terminating  in  oppofite  points 
of  the  Planet’s  fufface,  are  called  its  Foies.  That 
which  points  toward  the  northern  part  of  the 
Heavens,  is  called  the  'North  Foie  \ and  the  other, 
pointing  toward  the  Juuthern  parr,  is  called  the 
South  Foie.  A bowl  whirled  from  one’s  hand  into 
the  open  air,  turns  round  fuch  a line  within  itfelf, 
while  it  moves  forward}  and  fuch  are  the  lines 
we  mean,  when  we  fpeak  of  the  Axes  of  the 
Heavenly  bodies. 

10.  Let  us  fuppofe  the  Earth’s  Orbit  to  be,  a 
thin,  even,  folid  plane}  cutting  the  Sun  through 
the  center,  and  extended  out  as  far  as  the  Starry 
Heavens,  where  it  will  mark  the  great  Circle  called 
the  Ecliptic.  This  Circle  we  fuppofe  to  be  divided 
Into  12  equal  parts,  called  Signs-,  each  Sign  into 
30  equal  parts,  called  Degrees-,  each  Degree  into 
60  equal  parts,  called  Minutes-,  and  every  Minute 
* As  rcprefentecl  in  Plate  III.  Fig.  I.  and  deferibed  § 133, 

into 
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mto  6o  equal  parts,  called  Seconds:  fothat  a Second 
is  the  6oth  part  of  a Minute  ; a Minute  the  6oth 
part  of  a Degree ; and  a Degree  the  360th  part  of 
aCircle,  or  30th  part  of  a Sign.  The  Planets  of 
the  Orbits  of  all  the  other  Planets  likewife  cut  the 
Sun  in  halves;  but  extended  to  the  Pleavens,  form 
Circles  different  from  one  another,  and  from  the 
Ecliptic;  one  half  of  each  being  on  the  north 
fide,  and  the  other  on  the  fouth  fide  of  it.  Confc- 
quently  the  Orbit  of  each  Planet  croffes  the  Eclip- 
tic in  two  oppofite  points,  which  are  called  the  Pla- 
net’s Thefe  Nodes  are  all  in  different  parts 

of  the  Ecliptic;  and  therefore,  if  the  planetary 
Tracks  remained  vifible  in  the  Heavens,  they 
would  in  fome  meafure  refemble  the  different  ruts 
of  waggon- wheels  croffing  one  another  in  different 
parts,  but  never  going  far  afunder.  That  Node, 
or  Interfeclion  of  the  Orbit  of  any  Planet  with  the 
Earth’sOrbit,  from  which  the  Planet  afeends  north- 
ward above  the  Ecliptic,  is  called  the  AJeending 
Nodeo{\\\t  Planet:  and  the  other,  which  is  di- 
reaiy  oppofite  thereto,  is  called  \i^DfcendingNode. 
Saturn’s  Afcending  Node*  isin  21  deg.  32  min.  of 
Cancer  2s,  Jupiter’s  in  8 deg.  49  min.  of  the  fame 
Sign,  Mars’s  in  18  deg.  22  min.  of  Taurus  « , 
Venus  s in  14  deg.  44  min.  of  Gemini  n,  and 
Mercury’s  in  16  deg.  2 min.  of  Taurus.  Here 
we  confider  the  Earth’s  Orbit  as  the  ftandard,  and 
the  Orbits  of  all  the  other  Planets  as  oblique  to  it. 

21.  When  we  fpeak  of  the  Planets  Orbits,  all 
that  is  meant  is  their  paths  through  the  open  and 
unrefifting  Space  in  which  they  move;  and  are 
kept  in  by  the  attradive  power'of  the  Sun,  and 
the  projeftile  force  impreffed  upon  them  at  drll : 
between  which  power  and  force  there  is  fo  exaft 
an  adjuftment,  that  they  continue  in  the  fame 
Jracks  without  any  folid  Orbits  to  condne  them. 

* In  the  year  1790. 
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12.  Mercury,  the  neareft  Planet  to  the  Sun, 
goes  round  him  in  the  circle  marked  5 , in  87 
days  23  hours  of  our  time  nearly  ; which  is  the 
length  of  his  year.  But  being  feldom  feen,  and 
no  fpots  appearing  on  his  furface  or  dife,  the  time 
of  his  rotation  on  his  axis,  or  the  length  of  his 
days  and  nights  is  as  yet  unknown.  His  diftance 
from  the  Sun  is  computed  to  be  32  millions  of 
miles,  and  his  diameter  2600.  In  his  courfe 
round  the  Sun,  he  moves  at  the  rate  of  95  thou- 
fand  miles  every  hour.  His  light  and  heat  from 
the  Sun  are  almoft  feven  times  as  great  as  ours ; 
and  the  Sun  appears  to  him  almoft  feven  times  as 
large  as  to  us.  The  great  heat  on  this  Planet  is 
no  argument  againft  its  being  inhabited ; fince 
the  Almighty  could  as  eaftly  fuit  the  bodies  and 
conftitutions  of  its  inhabitants  to  the  heat  of  their 
dwelling,  as  he  has  done  ours  to  the  temperature 
of  our  Earth.  And  it  is  very  probable  that  the 
people  there  have  fuch  an  opinion  of  us,  as  we 
have  of  the  inhabitants  of  Jupiter  and  Saturn; 
namely,  that  we  muft  be  intolerably  cold,  and 
have  very  little  light  at  fo  great  a diftance  from 
the  Sun. 

23.  This  Planet  appears  to  us  with  all  the  vari- 
ous phafes  of  the  Moon,  when  viewed  at  different 
times  by  a good  telefcope : fave  only  that  he 
never  appears  quite  Full,  becaufe  his  enlightened 
fide  is  never  turned  diredlly  toward  us,  but  when 
he  is  fo  near  the  Sun  as  to  be  loft  to  our  fight  in 
its  beams.  And,  as  his  enlightened  fide  is  always 
toward  the  Sun,  it  is  plain  that  he  (bines  not  by  any 
light  of  his  own ; for  if  he  did,  he  would  con- 
ftantly  appear  round.  That  he  moves  about  the 
Sun  in  an  Orbit  within  the  harth’s  Orbit,  is  alfo 
plain  (as  will  be  more  largely  fhewn  by  and  by, 
§ 141,  fsf  becaufe  he  is  never  feen  oppofite 
to  the  Sun,  nor  above  56  times  the  Sun  s breadth 
from  his  center. 

24.  His 


It 
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24.  His  Orbit  is  inclined  feven  degrees  to  the 
Ecliptic;  and  that  Node,  § 20,  from  which  he  andNode*. 
afcends  Northward  above  the  Ecliptic,  is  in  the 

1 6th  degree  of  Taurus;  and  the  oppofite  Node  is 
in  the  i6th  degree  of  Scorpio.  The  Earth  is  in 
thefe  points  on  November  2^ndi  5thofM«y; 

and  when  Mercury  comes  to  either  of  his  Nodes 
at  his  * inferior  Conjunction  about  thefe  times,  he 
will  appear  to  pafs  over  the  difc  or  face  of  the  Sun, 
like  a dark  round  fpot.  But  in  all  other  parts  of 
his  Orbit  his  Conjunctions  are  invifible,  becaufe 
he  either  goes  above  or  below  the  Sun. 

25.  Mr.  Whiston  has  given  us  an  account  of  when  he 
feveral  periods  at  which  Mercury  may  be  feen  on  Ts  if  upon'' 
the  Sun’s  difc,  viz.  In  the  year  1782,  Nov.  i2ch,  theSun. 
at  3 h.  44  m.  in  the  afternoon ; 1786,  May  4th, 

at  6 h.  57  m.  in  the  forenoon  ; 1789,  Nov.  5th,  at 
3 h.  55  m.  in  the  afternoon;  and  1799, 
at  2 h.  34  m.  in  the  afternoon.  There  will  be 
feveral  intermediate  't'ranfits,  but  none  of  them 
vifible  at  London. 

26.  Venus,  the  next  Planet  in  order,  is  com-  Venui. 
puted  to  be  59  millions  of  miles  from  the  Sun; 

and  by  moving  at  the  rate  of  69  thoufand  miles  Fig.  i, 
every  hour  in  her  Or  bit,  in  the  circle  marked  ? , flie 
goes  round  the  Sun  in  224  days  17  hours  of  our 
time,  nearly;  in  which,  though  it  be  the  full 
length  of  her  year,  fhe  has  only  9I  days,  accord- 
ing to  Bianchini’s  obfervationsj-;  fo  that,  to  her, 

every 

* When  he  is  between  the  Earth  and  the  Sun  in  the  nearer 
part  of  his  Orbit. 

t The  elder  Cailini  had  concluded  from  obfervations  made 
yhimfelfin  1667,  that  Venus  revolved  on  her  axis  in  a little 
raore  than  23  h.  becaufe  in  24h.  he  found  that  a fpot  on  her 
lurface  was  about  15®  more  advanced  than  it  was  the  day 
before;  and  it  appeared  to  him  that  the  fpot  was  very  fenfibly 
advanced  in  a quarter  of  an  hour.  In  1728,  Bianchini  pub- 

P?  / 1 entitled  Hefperi  et 

tbojpbori  nova  phanomena-,  in  which  are  the  obfervations  here 

referred 
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every  day  and  night  together  is  as  long  as  24-^  days 
and  nights  with  us.  This  odd  quarter  of  a day  in 
every  year  makes  every  fourth  year  a leap-year  to 
Venus;  as  the  like  does  to  our  Earth.  Her  dia- 
meter is  7906  miles;  and  by  her  diurnal  motion 
the  inhabitants  about  her  Equator  are  carried  43 
miles  every  hour,  befide  the  69,000  above-men- 
tioned. 

27.  Her  Orbit  includes  that  of  Mercury  within 
it;  for  at  her  greateft  Elongation,  or  apparent  dif- 
tance  from  the  Sun,  (lie  is  96  times  the  breadth 
of  that  luminary  from  his  center;  which  is  almoft 
double  of  Mercury’s  greateft  Elongation.  Her 
Orbit  is  included  by  the  Earth’s;  for  if  it  were 
not,  (he  might  be  feen  as  often  in  Oppofition  to 
the  Sun,  as  (he  is  in  Conjundtion  with  him;  but 
fhe  was  never  feen  90  degrees,  or  a fourth  part  of 
a Circle,  from  the  Sun. 

28,  When  Venus  appears  weft  of  the  Sun,  (he 
rifes  before  him  in  the  morning,  and  is  called  the 
Morning  Star : when  fhe  appears  eaft  of  the  Sun, 
file  fhines  in  the  evening  after  he  fets,  and  is  then 
c^Wtd  ihc  Evening, Star : being  each  in  its  turn 
for  290  days.  It  may  perhaps  be  furprifing  at 
firft,  that  V enus  fhould  keep  longer  on  the  eaft  or 
weft  of  the  Sun,  than  the  whole  time  of  her  Pe- 
riod round  him.  But  the  difficulty  vaniffies  when 
we  confider  that  the  Earth  is  all  the  while  going 
round  the  Sun  the  fame  way,  though  not  fo  quick 
as  Venus:  and  therefore  her  relative  motion  to 

referred  to.  Bianchini  agrees  perfeflly  with  Caflini  that  the 
fpors,  which  are  feen  on  the  furface  of  Vtnus,  advanced  about 
15°  in  24b.  but  he  aflerts  that  he  could  not  perceive  they  had 
made  any  advance  in  3 h.  and  therefore  concludes,  that  inftead 
of  making  one  complete  revolution  and  15°  of  another,  as 
CalTjni  conjeftured,  in  24b.  thofe  fpots  advance  but  the  odd 
15°  in  that  time,  and  that  the  time  of  a revolution  is  lome- 
wnat  more  than  24  days.  The  arguments  in  favour  of  the 
two  bypothefes  are  very  equal  ; but  almoft  every  aftronomer, 
except  Mr-  fergufon,  has  adopted  Caftini’s. 


the 
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the  Earth  muft  in  every  period  be  as  much  flower 
than  her  abfolute  motion  in  her  Orbit,  as  the 
Earth  during  that  time  advances  forward  in  the 
Ecliptic  ; which  is  220  degrees.  To  us  flie  ap- 
pears through  a telefcope  in  all  the  various  fhapes 
of  the  Moon. 

29.  The  Axis  of  Venus  is  inclined  75  degrees 
to  the  Axis  of  her  Orbit;  which  is  fif  degrees 
more  than  our  Earth’s  Axis  is  inclined  to  the  Axis 
of  the  Ecliptic  : and  therefore  her  feafons  vary 
much  more  than  ours  do.  The  North  Pole  of  her 
Axis  inclines  toward  the  20th  degree  of  Aqua- 
rius, our  Earth’s  to  the  beginning  of  Cancer; 
confequently  the  northern  parts  of  Venus  have 
fummer  in  the  Signs  where  thofe  of  our  Earth 
have  winter,  and  vice  verjd. 

30.  The  * artificial  day  at  each  Pole  of  Ve-  Remarkable 
nus  is  as  long  as  112^  f natural  days  on  our 

Earth. 

31.  The  Sun’s  greateft  Declination  on  each  ^er Tropics 
fide  of  her  Equator  amounts  to  75  degrees ; there-  how 
fore  her  J Tropics  are  only  15  degrees  from  her 
Poles;  and  her  ||  Polar  Circles  as  far  from  her 
Equator.  Confequently  the  Tropics  of  Venus 

are  between  her  Polar  Circles  and  her  Poles; 
contrary  to  what  thofe  of  our  Earth  are. 

32*  As  her  annual  Revolution  contains  only  9J  The  Sun’s 
of  her  days,  the  Sun  will  always  appear  to  go  ^“‘hCourfe, 
through  a whole  Sign,  or  twelfth  part  of  her 
Orbit,  in  a little  more  than  three  quarters  of  her 


• The  time  between  the  Sun’s  rifing  and  fettlng. 
t One  entire  revolution,  or  24  hours. 

X Thefe  are  leffer  circles  parallel  to  the  Equator,  and  as 
many  degrees  from  u,  toward  the  Poles,  as  the  Axis  of  the 
i^lanet  is  inclined  to  the  Axis  of  its  Orbit.  When  the  Sun  is 

omd'the  t"'  "•  r of  the  Equator,  as  to  be  direftly 
Jhe  othe?  no  farther;  but  returns  toward 

m as  the  Tropics  are  from  the  Equator.  The  Poles  are 
the  very  north  and  fouth  points  of  the  Planet. 


natural 
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^ natural  day,  or  nearly  in  i8|;  of  our  days  and 
nights. 

■nd  great  Becaufc  hcF  day  is  fo  great  a part  of  her 

the  Sun  changes  his  Declination  in  one  day 
fo  much,  that  if  he  paffes  vertically,  or  direftly 
over  head  of  any  given  place  on  the  Tropic,  the 
next  day  he  will  be  26  degrees  from  it : and  what- 
ever place  he  paffes  vertically  over  when  in  the 
Equator,  one  day’s  revolution  will  remove  him 
361  degrees  from  it.  So  that  the  Sun  changes 
his  Declination  every  day  in  Venus  about  14  de- 
grees more,  at  a mean  rate,  than  he  does  in  a quar- 
ter of  a year  on  our  Earth.  This  appears  to  be 
providentially  ordered,  for  preventing  the  too 
great  effedls  of  the  Sun’s  heat(which  is  twice  as  great 
on  Venus  as  on  the  Earth)  fo  that  he  cannot  Ihinc 
perpendicularly  on  the  fame  places  for  two  days 
together;  and  on  that  account,  the  heated  places 
have  time  to  cool. 

To  deter-  34.  If  the  inhabitants  about  the  North  Pole  of 
Venus  fix  their  South,  or  Meridian  Line,  through 
Kps  at*  that  part  of  the  Heavens  where  the  Sun  comes  to 
het  Poles,  greateft  Height,  or  North  Declination,  and  call 

thole  the  eaft  and  weft  points  of  their  Horizon, 
which  are  90  degrees  on  each  fide  from  that  point 
where  the  Horizon  is  cut  by  the  Meridian  Line, 
thefe  inhabitants  will  have  the  following  remark- 
able appearances. 

The  Sun  will  rife  degrees*  north  of  the 
eaft,  and  going  on  ii2|  degrees,  as  meafured  on 
the  plane  of  thef  Horizon,  he  will  crofs  the  Me- 
ridian at  an  altitude  of  1 2|  degrees  ; then  making 
an  entire  revolution  without  fetting,  he  will  crofs 
-it  again  at  an  altitude  of  4^1  degrees  ; at  the 
next  revolution  he  will  crofs  the  M.eridian  as  he 
comes  to  his  greateft  height  and  declination,  at  the 

♦ A Degree  is  a 360th  part  of  any  Circle.  See  § 
f The  limit  of  any  inhabitant’s  view,  where  the  Sky  feems 

to  touch  the  Planet  all  round  him. 

. altitude 
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•Ititude  of  75  degrees ; being  then  only  15  degrees 
from  the  Zenith,  or  that  point  of  the  Heavens 
which  is  direftly  over  head  : and  thence  he  will 
defcend  in  the  like  fpiral  manner;  crofling  the 
Meridian  firft  at  the  altitude  of  48 1 degrees  ; next 
atthe  altitudeof  i2|  degrees;  and  going  on  thence 
ii2f  degrees,  he  will  fet  22|  degrees  north  of  the 
weft;  fo  that,  after  having  been  4.^  revolutions 
above  theHorizon,  he  defeends  below  it  to  exhibit 
the  like  appearances  at  the  South  Pole^ 

35.  At  each  Pole,  the  Sun  continues  half  a year 
without  fetting  in  fummer,  and  as  long  without 
rifing  in  winter;  confequently  the  polar  inhabit- 
ants of  Venus  have  only  one  day  and  one  night  in 
the  year;  asjt  is  at  the  Poles  of  our  Earth.  But 
the  difference  between  the  heatoffummer  and  cold 
of  winter,  or  of  mid-day  and  mid-night,  on  Ve- 
nus, is  much  greater  than  on  the  Earth  : becaufe 
on  Venus,  as  the  Sun  is  for  half  a year  together 
above  the  Horizon  of  each  Pole  in  its  turn,  fo  he 
is  for  a confiderable  part  of  that  time  near  the  Ze- 
nith ; and  during  the  other  half  of  the  year  always 
below  the  Horizon,  and  for  a great  part  of  that 
timt  at  leaft  70  degrees  from  it.  Whereas,  at  the 
Poles  ofour  Earth,  although  the  Sun  is  for  half  a 
year  together  above  the  Horizon  ; yet  he  never  af- 
cends  above,  nor  defeends  below  it,  more  than 
degrees.  ^ When  the  Sun  is  in  the  Equinodtial.  or 
in  that  Circle  which  divides  the  northern  half  of 
the  Heavens  from  the  fouthern,  he  is  feen  with 
ne  b^f  of  his  Dife  above  the  Horizon  of  the 
Worth  Pole,  and  ihe  other  half  above  the  Horizon 
ofthe  South  Pole ; fo  that  his  center  is  in  the  Hori- 
of  both  Poles : and  then  defeending  below  the 

”X^other^°"H  g'-'idually  above  that 

thrt’feaftr'"'"  ‘'"S'** 
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36.  At  the  Polar  Circles  of  Venus,  the  feafons 
are  much  the  fame  as  at  the  Equator,  becaufe 
there  are  only  15  degrees  between  them,  § 31  ; 
only  the  winters  are  not  quite  fo  long,  nor  the 
fummers  fo  fhort:  but  the  four  feafons  come  twice 
round  every  year. 

37.  At  Venus’s  Tropics,  the  Sun  continues  for 
about  fifteen  of  our  weeks  together  without  fetting 
in  fummer;  and  as  long  without  rifing  in  winter. 
While  he  is  more  than  1 5 degrees  from  the  Equa- 
tor, he  neither  rifes  to  the  inhabitants  of  the  one 
Tropic,  nor  fets  to  thofe  of  the  other  ; whereas, 
at  our  terreftrial  Tropics,  he  rifes  and  fets  every 
day  of  the  year. 

38.  At  Venus’s  Tropics,  the  Seafons  are  much 
the  fame  as  at  her  Poles  j only  the  fummers  are  a 
little  longer,  and  the  winters  a little  fhorter. 

39.  At  her  Equator,  the  days  and  nights  are 
always  of  the  fame  length  ; and  yet  the  diurnal 
and  nodturnal  Arches  are  very  different,  efpecially 
when  the  Sun’s  declination  is  about  the  greateft : 
for  then,  his  meridian  altitude  may  fometimes  be 
twice  as  great  as  his  midnight  deprefiion,  and  at 
other  times  the  reverfe.  When  the  Sun  is  at  his 
greateft  declination,  either  north  or  fouth,  his 
rays  are  as  oblique  at  Venus  s Equator,  as  they 
are  at  London  on  the  fliorteft  day  of  winter. 
Therefore,  at  her  Equator  there  are  two  winters, 
two  fummers,  two  fprings,  and  two  autumns  every 
year.  But  becaufe  the  Sun  ftays  for  fome  time 
near  the  Tropics,  and  paffes  fo  quickly  over  the 
Equator,  every  winter  there  will  be  almoft  twice  as 
long  as  fummer : the  four  feafons  returning  twice 
in  that  time,  which  confifts  only  of  9I  days. 

*Xhofc  parts  of  V enus  which  lie  between  the 
Poles  and  Tropics,  and  between  the  Tropics  and 
Polar  Circles,  and  alfo  between  the  Polar  Circles 
and  Equator,  partake  more  or  lels  of  the  Pheno- 
mena of  thefe  Circles,  as  tliey  are  more  or  lels  dil- 


tant  from  them. 
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41.  From  the  quick  change  of  the  Sun’s  decll- 
nation  it  happens,  that  if  he  rifes  due  eaft  on  any  t"eTun’» 
day,  he  will  not  fee  due  weft  on  that  day,  as  with 

us ; for  if  the  place  where  he  rifes  due  eaft  be  on  Ltingf 
the  Equator,  he  will  fet  on  that  day  almoft  weft- 
north-weft;  or  about  i8|  degrees  north  of  the 
weft.  3ut  if  the  place  be  in  45  degrees  north  lati- 
tude, then  on  the  day  that  the  Sun  rifes  due  eaft 
he  will  fet  north-weft  by  weft,  or  33  degrees  north 
of  the  weft.  And  in  62  degrees  north  latitude,  ' 
when  he  rifes  in  the  eaft,  he  lets  not  in  that  revo- 
lution, but  juft  touches  the  Horizon  lO  degrees  to 
the  weft  of  the  north  point:  and  afeends  again, 
continuing  for  3|  revolutions  above  the  Horizon 
without  fetting.  Therefore  no  place  has  the  fore- 
noon and  afternoon  of  the  fame  day  equally  long, 
unlefs  it  be  on  the  Equator,  or  at  the  Poles. 

42,  The  Sun’s  altitude  at  noon,  or  any  other  The  long?., 
time  of  the  day,  and  his  amplitude  at  rifina  and 
fetting,  being  very  different  at  places  on  the'lfame 
parallel  of  latitude,  according  to  the  different  Ion- 
gitudes  of  thofe  places,  the  longitude  will  be  almoft 

as  eafily  found  on  Venus,  as  the  latitude  is  found 
on  the  Earth  : which  is  an  advantage  we  can  never 
have,  becaufe  the  daily  change  of  the  Sun’s  decli- 
nation IS  by  much  too  fmall  for  that  important 
purpofe.  ^ 


43-  On  this  Planet,  where  the  Sun  croffes  the  H=r  Eq«i. 
-^quator  in  any  year,  he  will  have  g degrees  nf 
declination  from  that  place  on  the  fLe  day  and  S.TSli 
noiir  next  year;  and  will  crofs  the  Equator  co  de- 
grees  farther  to  the  weft;  which  makes  the  time 
ot  the  Equinox  a quarter  of  a day  (or  about  fix  of 
our  days)  later  every  year.  Hence,  alchouc^h  the 
piral  in  which  the  Sun’s  motion  is  perform°ed  be 
ot  the  fame  fort  every  year,  yet  it  will  not  be  the 

ovprlT^  r vertically 

are  ftjiflild  ^ revolutions 
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44,  We  may  fuppofe  that  the  inhabitanrs  of 
Venus  will  be  careful  to  add  a day  to  fome  par- 
ticular part  of  every  fourth  year;  which  will  keep 
the  fame  feafons  to  the  fame  days.  For,  as  the 
great  annual  change  of  the  Equinoxes  and  Solftices 
fhifts  the  feafons  a quarter  of  a day  every  year; 
they  would  be  fhifted  through  all  the  days  of  the 
year  in  36  years.  But  by  means  of  this  inter- 
calary day,  every  fourth  year  will  be  a leap-year , 
W'hich  will  bring  her  time  to  an  even  reckoning, 
and  keep  her  Calendar  always  right. 

45.  Venus’s  Orbit  is  inclined  3 degrees  24  mi- 
nutes to  the  Earth’s  ; and  croflTes  it  in  the  15th  de- 
gree of  Gemini  and  of  Sagittarius;  and  therefore, 
\^hen  the  Earth  is  about  thefe  points  of  the  Eclip- 
tic at  the  time  that  Venus  is  in  her  inferior  conjunc- 
tion, Ihe  will  appear  like  a fpot  on  the  Sun,  and 
afford  a more  certain  method  offindingthediftances 
of  all  the  Planets  from  the  Sun,  than  any  other  yet 
known.  But  thefe  appearances  happen  very  fel- 
dom;  and  will  be  only  twice  vifible  zx.  London  for 
one  hundred  and  ten  years  to  come.  - The  firft 
time  will  be  in  1761,  June  the  6th,  in  the  morn- 
ing; and  the  fecond  in  1769,  on  the  3d  of  June 
in  the  evening.  Excepting  fuch  Tranfits  as  thefe, 
fl:ie  {hews  the  fame  appearances  to  us  regularly 
every  eight  years;  her  Conjundions,  Elongations, 
and  Times  of  rifing  and  fetting,  being  very  nearly 
the  fame,  on  the  fame  days  as  before. 

46.  Venus  may  have  a Satellite  or  Moon,  al- 
though it  be  undifeovered  by  us : which  will  not 
appear  very  furprifing,  if  we  confider  how  incon- 
veniently we  are  placed  for  feeing  it.  For  its  en- 
lightened fide  can  never  be  fully  turned  toward 
us,  but  when  Venus  is  beyond  the  Sun  ; and  then, 
as  Venus  appears  little  bigger  than  an  ordinary 
Star,  her  Moon  may  be  too  fmall  to  be  perceived 
at  fuch  a diftance.  When  flie  is  between  us  and 
the  Sun,  her  full  Moon  has  its  dark  fide  toward 
usj  and  then  we  cannot  fee  it  any  more  than  we 

can 
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can  our  own  Moon  at  the  time  of  Change.  When 
Venus  at  her  greateft  Elongation,  we  have  but 
one  half  of  the  enlightened  fide  of  her  full  Moon 
toward  us ; and  even  then  it  may  be  too  far  dif- 
tant  to  be  feen  by  us.  But  if  fhe  has  a Moon,  ic 
may  certainly  be  feen  with  her  upon  the  Sun,  in 
the  year  1761  ; unlefs  its  Orbit  be  confiderably 
inclined  to  the  Ecliptic  : for  if  it  fhould  be  in 
conjundlion  or  oppoficion  at  that  time,  we  can 
hardly  imagine  that  it  moves  fo  flow  as  to  be  hid 
by  Venus  all  the  fix  hours  that  (he  will  appear  on 
the  Sun’s  Difc 


47*  The  Earth  is  the  next  Planet  above  Ve-  The  Earth, 
nus  in  the  Syflem.  It  is  82  millions  of  miles  Fig.  i. 
from  the  Sun,  and  goes  round  him,  in  the  circle©, 
in  365  days  5 hours  49  minutes,  from  any  Equi- 
nox or  Solflice  to  the  lame  again  : but  from  any 
fixed  Star  to  the  fame  again,  as  feen  from  the  Sun, 
in  365  days  6 hours  and  9 minutes  j the  for- 
mer  being  the  length  of  the  Tropical  year,  and 
the  latter  the  length  of  the  Sydereal.  It  travels 
at  the  rate  of  38  thoufand  miles  every  hour  ; 
which  motion,  though  120  times  fwifter  than  that 
of  a cannon-ball,  is  little  more  than  half  as  fwife 
as  Mercury’s  motion  in  his  Orbit.  The  Earth’s 
diameter  is  7970  miles;  and  by  turning  round  its 
Axis  every  24  hours  from  Weft  to  Eaft,  it  caufes 
an  apparent  diurnal  motion  of  all  the  heavenly 
Bodies  from  Eaft  to  Weft.  By  this  rapid  motion 
of  the  Earth  on  its  Axis,  the  inhabitants  about 
t e Equator  are  carried  1042  miles  every  hour, 
while  thole  on  the  parallel  of  London  are  carried 
only  about  580,  befide  the  58  thoufand  miles  by 
tne  annual  motion  above-mentioned,  which  is 
common  to  all  places  whatever. 

48.  The  Earth’s  Axis  makes  an  angle  of  22i  inclination 
degrees  with  the  Axis  of  its  Orbit;  and  keeps 


4,,  tranfits  are  over  fince  this  was  wr 
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always  the  fame  oblique  diredlion  ; inclining  to- 
ward the  fame  fixed  Stars  * throughout  its  annual 
courfe,  which  caufes  the  returns  of  fpring,  fum- 
mer,  autumn,  and  winter;  as  will  be  explained 
at  large  in  the  tenth  Chapter. 

A proof  of  49.  The  Earth  is  round  like  a globe;  as  ap- 

round"^  pcars,  I.  By  its  fliadow  in  Eclipfes  of  the  Moon  j 
which  fhadow  is  always  bounded  by  a circular  line, 
§ 314.  2.  By  our  feeing  the  mafts  of  a fliip  while 
the  hull  is  hid  by  the  convexity  of  the  water. 

» 3.  By  its  having  been  failed  round  by  many  na- 

vigators. The  hills  take  off  no  more  from  the 
roundnefs  of  the  Earth  in  comparifon,  than  grains 
of  dull  do  from  the  roundnefs  of  a common 
Globe. 

i'>  number  fo*  The  feas  and  unknown  parts  of  the  Earth 
of  fquate  a meafurement  of  the  bell  Maps)  contain  160 

million  522  thoufand  and  26  fquare  miles  ; the 
inhabited  parts  3'o-  million  990  thoufand  569' 
Europe  4 million  456  thoufand  and  65;  jifia  10 
million  768  thoufand  823;  Africa  9 million  654 
thoufand  807  ; America  14  million  iio  thoufand 
874.  In  all,  199  million  512  thoufand  595; 
which  is  the  number  of  fquare  miles  on  the  whole 
furfacc  of  our  Globe. 

^ I . Dr.  Long,  in  the  firft  volume  of  his  Aftro- 
^rfJnof  nomy,  p.  168,  mentions  an  ingenious  and  eafy  me- 
Jundandfea.  finding  nearly  what  proportion  the  land 

bears  to  the  fea  ; which  is,  to  take  the  papers  of  a 
large  terreftrial  globe,  and  after  feparating  the  land 
from  the  fea  with  a pair  of  fcilfars,  to  weigh  them 
carefully  in  fcales.  This  fuppoles  the  globe  to  be 
exactly  delineated,  and  the  papers  all  of  equal 
thicknefs.  The  Dodlor  made  the  experiment  on 


» This  is  not  ftriftly  true,  as  will  appear  when  we  come  to 
treat  of  the  Receflion  of  the  Equinoaial  Points  in  the  Heavens, 
& 246  ; which  receffion  is  equal  to  the  deviation  of  the  Earth  s 
Axis  from  its  parallelifm  ; but  this  is  rather  too  fmall  to  be 
fenfible  in  an  age,  except  to  ihofe  who  make  very  nice  obftr* 
vations. 
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the  papers  of  Mr.  Senex’s  feventeen-inch  globe; 
and  found  that  the  fea-papers  weighed  349  grains, 
and  the  land  only  124:  by  which  it  appears  that 
almoft  three-fourth  parts  of  the  furface  of  our 
Earth  between  the  Polar  Circles  are  covered  with 
water,  and  that  little  more  than  one-fourth  is  dry 
land.  The  Do6lor  omitted  weighing  all  within 
the  Polar  Circles ; becaufe  there  is  no  certain 
meafurement  of  the  land  within  them,  fo  as  to 
know  what  proportion  it  bears  to  the  fea. 

52.  The  Moon  is  not  a Planet,  but  only  a The  Moon. 
Satellite  or  Attendant  of  the  Earth  ; going  rbund 

the  Earth  from  Change  to  Change  in  29  days  12 
hours  and  44  minutes  ; and  round  the  Sun  with 
it  every  year.  The  Moon’s  diameter  is  2180 
miles ; and  her  diftance  from  the  Earth’s  center 
240*thoufand.  She  goes  round  her  Orbit  in  27 
days  7 hours  43  minutes, 'moving  about  2290 
miles  every  hour  ; and  turns  round  her  Axis  ex- 
adly  in  the  time  that  ihe  goes  round  the  Earth, 
which  is  the  reafon  of  her  keeping  always  the 
fame  fide  toward  us,  and  that  her  day  and  night 
taken  together  is  as  long  as  our  lunar  month. 

53.  The  Moon  is  an  opaque  Globe  like  the 
Earth,  and  fliines  only  by  reflecting  the  light  of 
the  Sun  : therefore  while  that  half  of  her*wlTich  is 
toward  the  Sun  is  enlightened,  the  other  half  mufl: 

be  dark  and  inviflble.  Hence,  [he  difappears  Her  phafes. 
when  flie  comes  between  us  and  the  Sun  ; be- 
caule  her  dark  fide  is  then  toward  us.  When 
file  is  gone  a little  way  forward,  we  fee  a little  of 
her  enlightened  fide:  which  ftill  increafes  to  our 
view,  as  (lie  advances  forward,  until  fhe  comes  to 
be  oppofite  to  the  Sun  ; and  then  her  whole  en- 
lightened fide  is  toward  the  Earth,  and  flae  appears 
with  around  illuminedOrb,  which  wecall  the  A«//- 
Moon-  her  dark  fide  being  then  turned  away  from 
the  Earth.  Erom  the  kull  fhe  feems  to  decreafe 
gradually  as  flie  goes  through  the  other  half  of  her 

^ 3 courfe ; 
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courfe;  fhewing  us  lefs  and  lefs  of  her  enlightened 
fide  every  day,  till  her  next  change  or  conjunction 
with  the  Sun,  and  then  fhe  difappears  as  before. 

54-  This  continual  change  of  the  Moon’s  phafes 
demonftrates  that  fhe  fhines  not  by  any  light  of 
her  own;  for  if  fhe  did,  being  globular,  we 
fhould  always  fee  her  with  a round  full  Orb  like 
the  Sun.  Her  Orbit  is  reprefented  in  the  fcheme 
by  the  little  circle  w,  upon  the  Earth’s  Orbit©; 
but  it  is  drawn  fifty  times  too  large  in  proportion 
to  the  Earth’s  ; and  yet  is  almofi;  too  finall  to  be 
fcen  in  the  Diagram. 

5 5.  The  Moon  has  fcarce  any  difference  of  fea- 
fons ; her  Axis  being  almoft  perpendicular  to  the 
Ecliptic.  What  is  very  fingular,  one  half  of  her 
has  no  darknefs  at  all ; the  Earth  conftantly  afford- 
ing it  a flrong  light  in  the  Sun’s  abfence  ; while 
the  other  half  has  a fortnight’s  darknefs  and  a fort- 
night’s light  by  turns. 

56.  Our  Earth  is  a Moon  to  the  Moon,  waxing 
and  weaning  regularly,  but  appearing  thirteen 
times  as  big,  and  affording  her  thirteen  times  as 
much  light,  as-fliedoes  to  us.  When  fhe  changes 
to  us  the  Earth  appears  full  to'her;  and  when  fhe 
is  in  her  firfl  quarter  to  us  the  Earth  is  in  its 
third  quarter  to  her  ; and  vice  verjd. 

57.  But  from  one  half  of  the  Moon,  the  Earth 
is  never  feen  at  all:  from  the  middle  of  the  other 
half,  it  is  always  feen  over  head  ; turning  round 
almofb  thirty  times  as  quick  as  the  Moon  does. 
From  the  circle  which  limits  our  view  of  the 
Moon,  only  one  half  of  the  E.arth’s  fide  next  her  is 
feen;  the  other  half  being  hid  belov/  the  Horizon 
of  all  places  on  that  circle.  To  her,  the  Earth 
feems  to  be  the  biggeft  body  in  the  Univerle;  for 
it  appears  thirteen  times  as  big  as  fhe  does  to  us. 

58.  The  Moon  has  no  atmofphcre  of  any  vifi- 
blc  denfity  furrounding  her  as  we  have  : for  if  fhe 
had,  we  could  never  fee  her  edge  lo  well  defined 
as  it  appears;  but  there  would  be  a fort  of  a mill 

or 
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or  hazinefs  around  her,  which  would  make  the 
Stars  look  fainter,  when  they  are  feen  through  it. 
But  obfervation  proves,  that  the  Stars  which  difap- 
pear  behind  the  Moon,  retain  their  full  luftre  until 
they  fecm  to  touch  her  very  edge,  and  then  they 
vanifh  in  a moment.  This  has  been  often  obferved 
by  Aftronomers,  - but  particularly  by  Cassini  of 
the  Star  r in  the  bread:  of  Virgo,  which  appears 
hngle  and  round  to  the  bare  eye ; but  through  a 
refrafting  Telefcope  of  i6  feet  appears  to  be  two 
Stars  fo  near  together,  that  the  diftance  between 
them  feems  to  be  but  equal  to  one  of  their  appa- 
rent diameters.  The  Moon  was  obferved  to  pafs 
over  them  on  the  aift  of  April  1720,  N.  S.  and  as 
her  dark  edge  drew  near  to  them,  it  caufed  no 
change  in  their  colour  or  fituation.  At  25  min. 
14  fee.  paft  12  at  night,  the  moft  wefterly  of  thefe 
Stars  was  hid  by  the  dark  edge  of  the  Moon  : and 
in  feconds  afterward,  the  moft  eafterly  Star  was 
hid  : each  of  them  difappearing  behind  the  Moon 
in  an  inftanr,  without  any  preceding  diminution 
of  magnitude  or  brightnefs  which  by  no  means 
could  have  been  the  cafe  if  there  were  an  Atmo- 
fphere  round  the  Moon  ; for  then,  one  of  the  Stars 
falling  obliquely  into  it  before  the  other,  ought  by 
refraftion  to  have  fuffered  fome  change  in  its  co- 
lour, or  in  its  diftance  from  the  other  Star  which 
was  not  yet  entered  into  the  Atmofphere.  But  no 
fuch  alteration  could  be  perceived,  though  the  ob- 
fervation was  performed  with  the  utmoft  attention 
to  that  particular  j and  was  very  proper  to  have 
made  fuch  a difeovery.  The  faint  light  which  has 
been  feen  all  round  the  Moon,  in  total  Eclipfesof 
the  Sun,  has  been  obferved,  during  the  time  of 
darknefs,  to  have  its  center  coincident  with  the 
center  of  the  Sun  ; and  was  therefore  much  more 
likely  to  arife  from  the  Atmofphere  of  the  Sun 
than  from  that  of  the  Moon  ; for  if  it  had  been 
owing  to  the  latter,  its  center  would  have  gone 
along  with  the  Moon’s. 

C 4 59. If 
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§g.  If  there  were  feas  in  the  Moon,  fhe  could 
have  no  clouds,  rains,  nor  ftorms,  as  we  have  j 
becaufe  Ihe  has  no  fuch  Atmofphere  to  fupport 
the  vapours  which  occafion  them.  And  every  one 
knows,  that  when  the  Moon  is  above  our  Horizon 
in  the  night-time  fhe  is  vifible,  unlefs  the  clouds 
of  our  Atmofphere  hide  her  from  our  view;  and 
all  parts  of  her  appear  conftantly  with  the  fame 
clear,  ferene,  and  calm  afpeft.  But  thofe  dark 
parts  of  the  Moon,  which  were  formerly  thought 
'to  be  feas,  are  now  found  to  be  only  vaft  deep 
cavities,  and  places  which  refledl  not  the  Sun’s 
light  fo  ftrongly  as  others,  having  many  caverns 
and  pits  whofe  fhadows  fall  within  them,  and  are 
always  dark  on  the  fides  next  the  Sun;  which  de- 
monftrates  their  being  hollow  ; and  moft  of  thefc 
pits  have  little  knobs  like  hillocks  {landing  within 
them,  and  calling  fhadows  alfo;  which  caufethefe 
places  to  appear  darker  than  others  which  have 
fewer,  or  left  remarkable  caverns.  All  thefe  ap- 
pearances fhew  that  there  are  no  feas  in  the  Moon ; 
for  if  there  were  any,  their  furfaces  would  appear 
fmooth  and  even,  like  thofe  on  the  Earth. 

60,  There  being  no  Atmofphere  about  the 
Moon,  the  heavens  in  the  day-time  have  the  ap- 
pearance of  night  to  a Lunarian  who  turns  his 
back  toward  the  Sun ; and  when  he  does,  the 
Stars  appear  as  bright  to  him  as  they  do  in  the 
night  to  us.  For,  it  is  entirely  owing  to  our  At- 
mofphere that  the  Heavens  are  bright  about  us  in 
the  day. 

6 1.  As  the  Earth  turns  round  its  Axis,  the 
feveral  continents,  feas,  and  iflands  appear  to  the 
Moon’s  inhabitants  like  fo  many  fpots  of  different 
forms  and  brightnefs,  moving  over  its  furface ; 
but  much  fainter  at  forne  times  than  others,  as  our 
clouds  cover  them  or  leave  them.  By  thefe  fpots 
the  Lunarians  can  determine  the  time  of  the 
Earth’s  diurnal  motion,  juft  as  we  do  the  motion 
of  the  Sun  : and  perhaps  they  meafure  their  time 
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by  the  motion  of  the  Earth’s  fpotsi  for  they  can- 
not have  a truer  dial. 

62.  TheMoon’s  Axis  is  fo  nearly  perpendicular 
to  the  Ecliptic,  that  the  Sun  never  removes  fen- 
fibly  from  her  Equator:  and  the  obJiquity  of 
her  Orbit,  which  is  next  to  nothing  as  feen  from 
the  Sun,  cannot  caufe  the  Sun  to  decline  fenfibly 
from  her  Equator.  Yet  her  inhabitants  are  not  now , he 
deftitute  of  means  for  afcertaining  the  length  of 
their  year,  though  their  method  and  ours  mu(t  the  lengch 
differ.  For  we  can  know  the  length  of  our 
year  by  the  return  of  our  Equinoxes;  but  the 
Lunarians,  having  always  equal  day  and  night, 
muft  have  recourle  to  another  method ; and  we 
may  fuppofe,  they  meafure  their  year  by  obferving 
when  either  of  the  Poles  of  our  Earth  begins  to 
be  enlightened,  and  the  other  to  difappear,  which, 
is  always  at  our  Equinoxes ; they  being  conve- 
niently fituated  for  obferving  great  tracks  of  land 
about  our  Earth’s  Poles,  which  are  entirely  un- 
known to  us.  Hence  we  may  conclude,  that  the 
year  is  of  the  fame  abfolure  length  both  to  the 
Earth  and  Moon,  though  very  different  as  to  the 
number  of  days:  we  having  365 1 natural  days, 
and  the  Lunarians  only  i ; every  day  and  night 
in  the  Moon  being  as  long  as  29^-  on  the  Earth. 

The  Mooffs  inhabitants  on  the  fide  next  andttieion- 
the  Earth  may  as  eafily  find  the  longitude  of  their 
places  as  we  can  find  the  latitude  of  ours.  For •  ** 
the  Earth  keeping  confiantly,  or  very  nearly  fo, 
over  one  Meridian  of  the  Moon,  the  eaft  or  weft 
diltances  of  places  from  that  Meridian  are  as  eafily 
found,  as  we  can  find  our  dillance  from  the 
Equator  by  the  Altitude  of  our  celeftial  Poles. 


• TheMoon’s  Orbit  cro/Tes  the  b'cliptic  in  nvo  ODoofi'e 
points,  called  the  Moon’s  Nodes;  fo  that  one  halfof  he^Or- 

.rtngit  of  Us  Obliquity  is  5 degress. 


64.  The 
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64.  The  Planet  Mars  is  next  in  order,  being 
the  firft  above  the  Earth’s  Orbit.  His  didance 
from  the  Sun  is  computed  to  be  125  million  of 
miles;  and  by  travelling  at  the  rate  of  47  thou- 
fand  miles  every  hour,  in  the  circle  $ , he  goes 
round  the  Sun  in  686  of  our  days  and  23  hours, 
which  is  the  length  of  his  year,  and  contains  6671 
of  his  days  ; every  day  and  night  together  being 
40  minutes  longer  than  with  us.  His  diameter  is 
4444  miles,  and  by  his  diurnal  rotation  the  inha- 
bitants about  his  Equator  are  carried  556  miles 
every  hour.  Elis  quantity  of  light  and  heat  is 
equal  but  to  one  half  of  ours ; and  the  Sun  appears 
but  half  as  big  to  him  as  to  us. 

65.  This  planet  being  but  a fifth  part  fo  big  as 
the  Earth,  if  any  Moon  attends  him,  it  muft  be 
very  fmall,  and  has  not  yet  been  difeovered  by 
our  bed  telefcopes.  He  is  of  a fiery  red  colour, 
and  by  his  Appulfes  to  fome  of  the  fixed  Stars, 
feems  to  be  encompafifed  by  a very  grofs  Atmo- 
fphere.  He  appears  fometimes  gibbous,  but  never 
horned  ; which  both  (hews  that  his  Orbit  includes 
the  Earth’s  within  it,  and  that  he  Ihines  not  by  his 
own  light. 

66.  To  Mars,  our  Earth  and  Moon  appear 
like  two  Moons,  a bigger  and  a leis : changing 
places  with  one  another,  and  appearing  fometimes 
horned,  fometimes  half  or  three  quarters  illumi- 
nated, but  never  full;  nor  at  mod  above  one 
quarter  of  a degree  from  each  other,  although 
they  are  thoufand  miles  afunder. 

67.  Our  Earth  appears  almod  as  big  to  Mars 
as  Venus  does  to  us,  and  at  Mars  it  is  never  feen 
above  48  degrees  from  the  Sun  ; fometimes  it 
appears’to  pals  over  the  Difc  of  the  Sun,  and  io 
do  Mercury  and  Venus:  But  Mercury  can  never 
be  feen  from  Mars  by  fuch  eyes  as  ours,  unaffided 
by  proper  indruments ; and  Venus  will  be  as  fcl- 
dom  feen  as  we  fee  Mercury.  Jupiter  and  Saturn 

are  as  vifible  to  Mars  as  to  us.  His  Axis  is  per- 
pendicular 
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pendicular  tothe  Ecliptic,,  and  his  Orbit  is  inclined 
to  it  in  an  angle  of  i degree  50  minutes. 

68.  JupTTER,  thd  biggefl:  of  all  the  Planets,  is  juphsr. 
ftill  higher  in  the  Syftem,  being  about  426  mil- 
lion of  miles  from  the  Sun  ; and  going  at  the  rate 

of  25  thoufand  miles  every  hour  in  his  Orbit, 
which  is  reprefented  by  the  circle  2f. . He  finiflies  pig.  i. 
his  annual  period  in  eleven  of  our  years  314  days 
and  12  hours.  He  is  above  1000  times  as  big  as 
the  Earth,  for  his  diameter  is  8 r ,000  miles ; which 
is  more  than  ten  times  the  diameter  of  the  Earth. 

69.  Jupiter  turns  round  his  Axis  in  9 hours  56  The  nai  n- 
minutes  j fo  that  his  year  contains  10  thoufand 

470  days;  and  the  diurnal  velocity  of  his  equato- 
rial  parts  is  greater  than  the  fwiftnefs  with  which 
he  moves  in  his  annual  Orbit;  a Angular  circum- 
ftance,  as  far  as  we  know.  By  this  prodigious 
quick  Rotation,  his  equatorial  inhabitants  are  car- 
ried 25  thoufand  920  miles  every  hour  (which  is 
920  miles  a hour  more  than  an  inhabitant  of  our 
Earth's  equator  moves  in  twenty-four  hours)  be- 
fide  the  25  thoufand  above-mentioned,  which  is 
common  to  all  parts  of  his  furface,  by  his  annual 
motion.  ' 

70.  Jupiter  is  furrounded  by  faint  fubAances,  h:*;  Eeits 
called  BeltSj  in  which  fo  many  changes  appear, 

that  they  are  generally  thought  to  be  clouds;  for 
fomeofthem  have  been  firft  interrupted  and  bro- 
ken, and  then  have  vanilhed  entirely.  They  have 
fometimes  been  obferved  ofdifFerent  breadths,  and 
afterward  have  all  become  nearly  of  the  fame 
breadth.  Large  fpots  have  been  feen  in  thefe 
^elts;  and  when  a Belt  vanifhes,  the  contiguous 
Ipots  difappear  with  it.  The  broken  ends  of  fome 
l^elts  have  been  generally  obferved  to  revolve  in 
the  fame  tinne  with  the  fpots  ; only  thofe  nearer 
the  ^quator  in  fomewhat  lefe  time  than  thofe  near 
tne  1 oles ; perhaps  on  account  of  the  Sun’s  greater 
neat  near  the  Equator,  which  is  parallel  to  the 

Belts 
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Belts  and  courfe  of  the  fpots.  Several  large  fpots, 
which  appear  round  at  one  time,  grow  oblong  by 
degrees,  and  then  divide  into  two  or  three  round 
fpots.  The  periodical  time  of  the  fpots  near  the 
Equator  is  9 hours  50  minutes,  but  of  thefe  near 
the  Poles  9 hours  56  minutes.  See  Dr.  Smith’s 
Optics,  § 1004,  ^ Jeq. 

71.  The  Axis  of  Jupiter  is  fo  nearly  perpendi- 
cular to  his  Orbit,  that  he  has  no  fenfible  change 
of  feafons;  which  is  a great  advantage,  and  wifely 
ordered  by  the  Author  of  Nature.  For,  if  the 
Axis  of  this  Planet  were  inclined  any  confiderable 
number  of  degrees,  juft  fo  many  degrees  round 
each  Pole  would  in  their  turn  be  almoft  fix  of  our 
years  together  in  darknefs.  And,  as  each  degree 
of  a great  circle  on  Jupiter  contains  706  of  our 
miles  at  a mean  rate,  it  is  eafy  to  judge  what  vaft 
tracks  of  land  would  be  rendered  uninhabitable 
by  any  qonfiderable  inclination  of  his  Axis. 

72.  The  Sun  appears  but  part  fo  big  to 
Jupiter  as  to  us ; and  his  light  and  heat  are  in  the 
iame  fmall  proportion,  but  compenfated  by  the 
quick  returns  thereof,  and  by  four  Moons  (fome 
bigger  and  fome  lefs  than  our  Earth)  which  re- 
volve about  him : fo  that  there  is  fcarce  any  part 
of  this  huge  Planet  but  what  is  during  the  whole 
night  enlightened  by  one  or  more  of  thefe  Moons, 
except  his  Poles,  whence  only  the  fartheft  Moons 
can  be  feen,  and  where  light  is  not  there  wanted, 
becaufe  the  Sun  conftantly  circulates  in  or  near  the 
Horizon,  and  is  very  probably  kept  in  view  of 
both  Poles  by  the  refradion  of  Jupiter’s  Atmo- 
fphere,  which,  if  it  be  like  ours,  has  certainly 
refradbive  power  enough  for  that  purpofe. 

73.  The  Orbits  of  thefe  Moons  arc  reprefented 
in  the  Scheme  of  the  Solar  Syftem  by  four  fmall 
circles  marked  1,  2,  3,  4j  Jupiter’s  Orbit  if.*, 
but  they  are  drawn  fifty  times  too  large  in  propor- 
tion to  it.  The  firft  Moon,  or  that  neareft  to 

Tuoiter,  goes  round  him  in  1 day  18  hours  and  36 
*'  minutes 
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minutes  of  our  time;  and  is  229  thoufnnd  miles 
diftant  from  his  center;  The  fecond  performs  its 
revolution  in  3 days  13  hours  and  minutes,  as 
^64  thoufand  miles  diftance:  The  third  in  7 
days  3 hours  and  59  minutes,  at  the  diftance  of 
580  thoufand  miles:  And  the  fourth  or  outer-  . 
moft,  in  16  days  iS  hours  and  30  minutes,  ac 
the  diftance  of  one  million  of  miles  from  his  center. 

74.  The  Angles  under  which  the  Orbits 
Jupiter’s  Moons  are  feen  from  the  Earth,  as  its  bits,  and 
mean  diftance  from  Jupiter,  are  as  follow  : The 

firft,  2'  SS"'y  fecond,  6'  14";  the  third,  9'  58'';  ter!" 
and  the  fourth,  i7'3o".  And  their  diftances  from 
Jupiter,  meafured  by  his  femidiameters,  are  thus  : 

The  firft,  5^;  the  fecond,  9 ; the  third,  14-^4-; 
and  the  fourth,  254-0-* **  This  Planet,  feen  from  neareft 
its  neareft  Moon,  appears  1000  times  as  large  as 
our  Moon  does  to  us ; waxing  and  weaning  in  all 
her  monthly  fliapes,  every  42^  hours. 

75.  Jupiter’s  three  neareft  Moons  fall  into  his 
fhadow,  and  are  eclipfed  in  every  Revolution;  made  by  the 
but  the  Orbit  of  the  fourth  Moon  is  fo  much  in- 
dined,  that  it  pafics  by  its  oppofition  to  Jupiter,  Moons, 
without  falling  into  his  fhadow,  two  years  in 

every  fix.  By  thefe  Eclipfes,  Aftronomers  have 
not  only  difcovered  that  the  Sun’s  light  takes  up 
eight  minutes  of  time  in  coming  to  us  ; but  they 
have  alfo  determined  the  longitudes  of  places  on 
this  Earth  with  greater  certainty  and  facility,  than 
by  any  other  method  yet  known  ; as  fhall  be  ex- 
plained in  the  eleventh  Chapter. 

76.  The  difference  between  the  Equatorial  and  Thegr«t 
Polar  diameters  of  Jupiter  is  6230  miles;  for  his 

^ . “t . between  the 

equatorial  diameter  is  to  his  polar,  as  13  to  12.  Equatorial 
So  that  his  Poles  are  3115  miles  nearer  his  center  4iameie"of 
than  his  Equator  is.  This  refults  from  his  quick  Jupiter, 
motion  round  his  Axis ; for  the  fluids,  together 

* Cassini  Ehmens  d' AJlronomie , Lhj.  ix.  Chap,  3. 
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with  the  light  particles,  which  they  can  carry  or 
wafli  away  with  them,  recede  from  the  Poles  which 
are  at  reft,  toward  the  Equator  where  the  motion 
is  quickeft,  until  there  be  a fufiicient  number  ac- 
cumulated to  make  up  the  deficiency  of  gravity 
loft  by  the  centrifugal  force,  which  always  arifes 
from  a quick  motion  round  an  axis  : and  when 
the  deficiency  of  weight  or  gravity  of  the  particles 
is  made  up  by  a fufficient  accumulation,  there  is- 
The  difftr  e({uilihrium , and  the  equatorial  parts  rife  no 
encc  little  higher.  Our  E.arth  being  but  a very  fmall  Pla- 
Jwr^auh^  net  compared  to  Jupiter,  and  its  motion  on  its  Axis 
' being  much  ilower,  it  is  lefs  flattened  of  courfe:  for 
the  difi’ercnce  between  its  equatorial  and  polar  di- 
ameters is  only  as  230  to  229,  namely,  36  niiles  *. 
INodes!^*’”  , 77-  Jopitcr’s  Orbit  is  inclined  to  the  Ecliptic 
in  an  angle  of  i degree  20  minutes.  His  afccnd- 
ing  Node  is  in  the  8th  degree  of  Cancer,  and  his 
delcending  Node  in  the  8ih  degree  of  Capricorn. 

s >i»rn.  Saturn,  the  remoteft  of  all  the  Planets  f", 

is  about  780  million  of  miles  from  the  Sun  ; and, 
travelling  at  the  rate  of  18  thoufand  miles  every 
Fig-'  I-  hour,  in  the  circle  marked  ^ , performs  its  apnual 
circuit  in  29  years  167  days  and  5 hours  of  our 
time;  which  makes  only  one  year  to  that  Planet. 
Its  diameter  is  67,000  miles  : and  therefore  it  is 
near  600  times  as  big  as  the  Earth. 

* According  to  the  French  meafures,  a Degree  of  the  Me- 
ridian at  the  Fquator  contains  346606.68  French  Feet:  and 
a Degree  of  the  Meridian  in  Lapland  contains  344627.40  : 
fo  that  a Degree  in  b 4020.72  French  Feet  (or 

4280.02  Englilh  Feel)  longer  than  a Degree  at  the  Equator. 
The  difference  is  pans  of  an  Englilh  Mile. — Hence,  the 
Earth’s  Equatorial  Diameter  contains  39386196  French  Feet, 
or  41926356  Engiiih  ; and  the  Polar  Diameter  39202920 
French  Feet,  or  41731272  Englilh.  So  that  the  Equatorial 
Diameter  is  195084  Englilli  Feet,  or  36.948  Englilh  Mile* 
longer  than  the  A.\'is. 

f The  Georgian  Planet  not  dlfcovered  when  this  was 
written. 

79.  This 
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79.  This  Planet  is  furrounded  by  a thin  broad  ® 
Ring,  as  an  artificial  Globe  is  by  a Horizon.  The  His  Ring. 
Ring  appears  double  when  ieen  through  a good 
telcfcope,  and  is  reprefented  by  the  figure  in  fucii 
an  oblique  view  as  it  is  generally  Ieen.  It  is  in- 
clined 30  degrees  to  the  Ecliptic,  and  is  about  21 
thoufand  miles  in  breadth  ; which  is  equal  to  its 
diflance  from  Saturn  on  all  Tides.  There  is  reafon 
to  believe  that  the  Ring  turns  round  its  Axis,  be- 
caufe,  when  it  is  alinoft  edge-wife  to  us,  it  appears 
fomewhat  thicker  on  one  fide  of  the  Planet  than  on 
the  other  ; and  the  thickeft  edge  has  been  feen  on 
different  Tides  atdifferent  times.  But  Saturn  hav- 
ing no  vifible  fjiots  on  his  body,  whereby  to  deter- 
mine the  time  of  his  turning  round  his  Axis,  the 
length  of  his  days  and  nights,  and  the  pofition  of 
his  Axis,  are  unknown  to  us. 


80.  To  Saturn  the  Sun  appears  only  y^th  part 
fo  big  as  to  us  j and  the  light  and  heat  he  receives 
from  the  Sun  are  in  the  fame  proportion  to  ours. 
But  to  compenfate  for  the  fmall  quantity  of  fun- 
light,  he  has  five  Moons,  all  going  round  him  on 
the  oLufide  of  his  Ring,  and  nearly  in  the  fame 
plane  with  it.  The  firff,  or  nearefl  Moon  to  Sa- 
turn, goes  round  him  in  i day  21  hours  19  mi- 
nutes; and  is  1 40  thoufand  miles  from  his  center : 
The  fecond,  in  2 days  17  hours  40  minutes;  at 
the  diflance  of  187  thoufand  miles:  the  third,  in 
4 days  12  hours  25  minutes;  at  263  thoufand  miles 
diflance:  The  fourth,  in  1 5 days  22  hours  4 i mi- 
nutes; at  the  diflance  of  600  thoufand  miles:  And 
the  fifth,  or  outermoft,  at  one  million  800  thou- 
land  miles  from  Saturn’s  center,  goes  round  him  in 
79  days  7 hours  48  minutes.  Their  Orbits  in  the 
Scheme  of  the  Solar  Syflem  are  reprefented  by  the 
hve  fmall  c.rclcs,  marked  i.  2.  3. 4,  5.  on  Saturn’s 
Orbit;  bur  thefe,  like  the  Orbits  of  the  other  Sa- 
t‘^iiites,  are  drawn  fifty  times  too  large  in  propor- 
non  to  the  Orbits  of  their  Primary  Planets 

81.  The 
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8 1.  The  Sun  lliines  almoft  fifteen  of  our  years 
together  on  one  fide  of  Saturn’s  Ring  without  fet- 
ting,  and  as  long  on  the  other  in  its  turn.  So 
that  the  Ring  is  vifible  to  the  inhabitants  of  that 
Planer  for  almoft  fifteen  of  our  years,  and  as  long 
invifiblc  by  turns,  if  its  Axis  has  no  inclination  to 
its  Ring  : but  if  the  Axis  of  the  Planet  be  inclined 
to  the  Ring,  fuppofe  about  30  degrees,  the  Ring 
will  appearand  difappear  once  every  natural  day  to 
all  the  inhabitants  within  30  degrees  of  the  Equa- 
tor on  both  lides,  frequently  edipfing  the  Sun  in 
a Saturnian  day.  Moreover,  if  Saturn’s  Axis  Jbe 
fo  inclined  to  his  Ring,  it  is  perpendicular  to  his 
Orbit  j and  thereby  the  inconvenience  of  different 
feafons  to  that  Planet  is  avoided.  For  confidering 
the  length  of  Saturn’s  year,  which  is  almoft  equal 
to  thirty  of  ours,  what  a dreadful  condition  muft 
the  inhabitants  of  his  Polar  regions  be  in,  if  they 
be  half  that  time  deprived  of  the  light  and  heat  of 
the  Sun  ! which  is  not  their  cafe  alone,  if  the  Axis 
of  the  Planet  be  perpendicular  to  the  Ring,  for 
then  the  Ring  muft  hide  the  Sun  from  vaft  tracks 
of  land  on  each  fide  of  the  Equator  for  13  or  14 
of  our  years  together,  on  the  fouth  fide  and  north 
fide  by  turns,  as  the  Axis  inclines  to  or  from  the 
Sun  : the  reverfe  of  which  inconvenience  is  another 
good  prefumptive  proof  of  the  inclination  of  Sa- 
turn’s Axis  to  its  Ring,  and  alfo  of  his  Axis  be- 
ing perpendicular  to  his  Orbit. 

8a.  This  Ring,  feen  from  Saturn,  appears  like 
a vaft  luminous  Arch  in  the  Heavens,  as  if  it  did 
not  belong  to  the  Planet.  When  we  fee  the  Ring 
moft  open,  its  ftiadow  upon  the  Planet  is  broadeft; 
and  from  that  time  the  fhadow  grows  narrower,  as 
the  Ring  appears-to  do  to  us;  until,  by  Saturn  s 
annual  motion,  the  Sun  comes  to  the  Plane  of  the 
Ring,  or  even  with  its  edge ; which  being  then 
diredled  toward  us,  becomes  invifible  on  account 
of  its  thinneis;  as  fhall  be  explained  more  largely 
in  the  tenth  Chapter,  and  illuftrated  by  a figure. 
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The  R Ing  difappears  twice  in  every  annual  Revo- 
lution  of  Saturn,  namely,  when  he  is  in  the  aoch 
degree  both  of  Plfces  and  of  Virgo.  And  when  his 
Saturn  is  in  the  middle  between  thefe  points,  or  in 
the  20th  degree  either  of  Gemini  or  of  Sagittarius, 
his  Ring  appears  moft  open  to  us ; and  then  its  opentTul 
Jongeft  diameter  is  to  its  (horteft,  as  9 to  4. 

83.  To  fuch  eyes  as  ours,  unaffifted  by  inflru-  No  PUnet 
ments,  Jupiter  is  the  only  Planet  that  can  be  feen 
from  Saturn  j and  Saturn  the  only  Planet  that  can  J'-'pi- 
be  feen  from  Jupiter.  So  that  the  inhabitants  of  frorsan"n 
thefe  two  Planets  mull  either  fee  much  farther  than  J“P'* 
we  do,  or  have  equally  good  inftruments  to  carry 
their  fight  to  remote  objefts,  if  they  know  that 
there  is  Tuch  a body  as  our  Earth  in  the  Univerfc: 
for  the  Earth  is  no  bigger  feen  from  Jupiter,  than 
his  Moons  are  feen  from  the  Earth ; and  if  his 
large  body  had  nor  firfl:  attraifled  our  fight,  and 
prompted  our  curiofity  to  view  him  with  a tele- 
fcope,  we  fliould  never  have  known  any  thing  of 
his  Moons;  unlefs  by  chance  we  had  directed 
the  telefcope  toward  that  fmall  part  of  the  Hea- 
vens where  they  were  at  the  time  of  obfervation. 

And  the  like  is  true  of  the  Moons  of  Saturn. 

84.  The  Orbit  of  Saturn  is  2I  degrees  inclined 
to  the  Ecliptic,  or  Orbit  of  our  Earth,  and  inter-  nTX* 
leets  It  in  the  22d  degree  of  Cancer  and  of  Capri- 
corn; fo  that  Saturn’s  Nodes  are  only  14  degrees 
from  Jupiter’s,  § 77  ^ 

85.  The 


Phnet  in  177G  a feventh  primary 

Dr-  HerfchJlf Syftem  has  been  difcovered  by 
refpeft  n the  Georgium  Sidus,  out  of 

is  ftilfhiahi  ^ King  George  III.  This  Planet 

“illion  ol' mill  Saturn,  being  about  1565 

Quentlv  140  days  and  8 hours  of  our  time  - confe- 

?and  miles' ira  hour" of  about  7 thou- 
fcope,  this  Planet  ann  ° fiyo>  una/fifted  by  a tele- 

and  it  « ® Star  of  the  fifth  magni- 

and  ,t  cannot  be  readily  diftinguilhed  from  a fixed  Star 

^ with 
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The  Sun’s  Xhc  quantity  of  light  afforded  by  the  Sun 

Wronger  on  to  J upiccr,  being  but  ^-yth  part,  and  to  Saturn 

» *^^y 

j.  generally  thoughc  induce  US  to  believe  that  thefe  two  Planets 
believed.  arccntirely  unfit  for  rational  beings  to  dwell  upon. 
But  that  their  light  is  not  fo  weak  as  we  imagine, 
is  evident  from  their  brightnefs  in  the  night-time; 
and  alfo  from  this  remarkable  Phenomenon,  that 
when  the  Sun  is  fo  much  eclipfed  to  us,  as  to  have 
only  the  40th  part  of  his  dife  left  uncovered  by 
the  Moon,  the  decreafe  of  light  is  not  very  fenfi- 
ble;  and  juft  at  the  end  ofdarknefs  in  Total  Eclip- 
fes,  when  his  weftern  limb  begins  to  be  vifible, 
and  feems  no  bigger  than  a bit  of  fine  filver  wire, 
every  one  is  furprized  at  the  brightnefs  wherewith 
that  fmall  part  of  him  Ihines.  The  Moon  when 

•with  a lefs  magnifying  power  than  200  times.  Its  apparent 
diameter  fubtends  an  angle  of  no  more  than  4"  to  an  obferver 
on  the  Earth  ; but  its  real  diameter  is  about  34,000  miles, 
and,  coni'equently,  it  is  about  80  times  as  big  as  the  Earth. 
Hence  we  may  infer,  as  the  Earth  cannot  be  feen  under  an 
angle  of  quite  1"  to  the  inhabitants  of  the  Georgian  Pla- 
net, that  it  has  never  yet  been  feen  by  them,  unlefs  their 
eyes,  or  inllruments,  or  both,  be  confiderably  better  than 
ours  are. 

The  Orbit  of  this  Planet  is  inclined  to  the  Ecliptic  in  an 
angle  46'  26".  Its  afeending  Node  is  in  the  13th  degree  of 
Gemini,  and  its  defeending  Node  in  the  13th  degree  of  Sa- 
gittarius. 

As  no  fpots  have  yet  been  difeovered  on  its  furfacc,  the 
pofition  of  its  Axis,  and  the  length  of  its  day  and  night  are 
not  known. 

On  account  of  the  immenfe  diftance  of  the  Georgian  Pla- 
net from  the  fource  of  light  and  heat  to  all  the  bodies  in  our 
Syftem,  it  was  highly  probable  that  fcveral  Satellites,  or  Moons 
. revolved  round  It : accordingly,  the  high  powers  of  Dr.Herf- 

chell’s  telefcopes  have  enabled  him  to  difeover  two  already  ; 
and  it  is  not  unlikely  but  there  may  be  others  which  he  has 
not  yet  feen.  That  which  is  neareft  to  the  Planet  revolves  at 
the  diftance  i6i  of  the  Planet’s  femi-diameters  from  it,  and 
performs  its  revolution  in  8 days,  17  hours,  and  I minute. 
The  other  is  about  22  femi-diameters  of  the  primary  from  it, 
and  completes  its  revolution  in  13  days,  ii  hours,  and  5 mi- 
nutes. It  is  remarkable  that  the  Orbits  of  thefe  Satellites  are 
almoft  at  right  angles  to  the  plane  of  the  Ecliptic. 


Full 
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Full  affords  travellers  light  enough  to  keep  them 
from  miftaking  their  way ; and  yet,  according  to 
Dr.  Smith*,  it  is  equal  to  no  more  than  a 90 
ihoufandth  part  of  the  light  of  the  Sun  : that  is, 
phe  Sun’s  light  is  90thoufand  times  asftrong  as  the 
light  of  the  Moon  when  full.  Confequently,  the 
Sun  gives  a thoufand  times  as  much  light  toSarurn 
as  the  Full  Moon  does  to  us  ; and  above  three 
thoufand  times  as  much  to  Jupiter.  So  that  thefe 
two  Planets,  even  without  any  Moons,  would  be 
much  more  enlightened  than  we  at  firft  imagine; 
and  by  having  fo  many,  they  may  be  very  com- 
fortable places  of  refidence.  Their  heat,  fo  far  as 
it  depends  on  the  force  of  the  Sun’s  rays,  is  cer- 
tainly much  lefs  than  ours ; to  which  no  doubt  the 
bodies  of  their  inhabitants  are  as  well  adapted  as 
ours  are  to  the  feafons  we  enjoy.  And  if  we  con- 
iider,  that  Jupiter  never  has  any  winter,  even  at 
his  Poles,  which  probably  is  alfo  the  cafe  with  Sa- 
turn, the  cold  cannot  be  fo  intenfe  on  thefe  two 
Planets  as  is  generally  imagined.  Befides,  there 
may  be  fomething  in  the  nature  of  their  mould 
warmer  than  in  that  of  our  Earth ; and  we  find  that 
all  our  heat  depends  not  on  the  rays  of  the  Sun  , Aii.u,h.« 
lor  It  It  did,  we  mould  always  have  the  fame 
months  equally  hot  or  cold  at  their  annual  returns. 
i5ut  It  IS  far  otherwife,  for  February  is  fometimes 
warmer  than  May^  which  muft  be  owino-  to  va- 
pours and  exhalations  from  the  Earth. 


upon,  and  compares 
me  Syftems  of  Moons  together,  which  belong  to 
J opiter  and  Saturn,  muft  be  amazed  at  the  vaft 
magnitude  of  thefe  two  Planets,  and  the  noble  at- 

andtrn"  Earth  ; 

nitelv  ^ to  think,  that  an  infi- 

and  ^ his  animals 

getables  here,  leaving  the  other  Planets 


* Optics,  Art.  95. 
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bare  and  deftitute  of  rational  creatures.  To  fup- 
ihai.iithe  pofe  that  he  had  any  view  to  our  benefit,  in  cre- 


ihai  ^11  the 
Planns  :re 
inhabited. 


tended  thefe  vaft  Bodies  for  any  advantage  to  us> 
when  he  well  knew  that  they  could  never  be  leen 
but  by  a few  Aftronomers  peeping  through  tele- 
fcopes  ; and  that  he  gave  to  the  Planets  regular  re- 
turns of  days  and  nights,  and  different  feafons  to 
all  where  they  would  be  convenient  j but  of  no 
manner  of  fervice  to  usj  except  only  what  imme- 
diately regards  our  own  Planet  the  Earth  j to  ima- 
gine, 1 lay,  that  he  did  all  this  on  our  account, 
would  be  charging  him  impioufly  withhavingdone 
much  in  vain:  and  as  ablurd,  as  to  imagine  that 
he  has  created  a little  Sun  and  a Planetary  Syftem 
within  the  fhell  of  our  Earth,  and  intended  them 
for  our  ufe.  Thefe  confiderations  amount  to  little 
lefs  than  a pofitive  proof,  that  all  the  Planets  are 
inhabited  ; for  if  they  are  not,  why  all  this  care  in 
furnifhing  them  with  fo  many  Moons,  to  fupply 
thofc  with  light  which  are  at  the  greater  diftances 
from  the  Sun?  Do  we  not  fee,  that  the  farther  a 
Planet  is  from  the  Sun,  the  greater  Apparatus  it 
has  for  that  purpofe?  fave  only  Mars,  which  be- 
ing but  a fmall  Planet,  may  have  Moons  too  fmall 
to  be  feen  by  us.  We  know  that  the  Earth  goes 
round  the  Sun,  and  turns  round  its  own  Axis,  to 
produce  the  vicifiitudes  of  fummer  and  winter  by 
the  former,  and  of  day  and  night  by  the  latter  mo- 
tion, for  the  benefit  of  its  inhabitants.  May  we 
not  then  fairly  conclude,  by  parity  of  reafon,  that 
the  end  and  dcfign  of  all  the  other  Planets  is  the 
fame?  and  is  not  tt  is  agreeable  to  the  beautiful 
harmony  which  cxifts  throughout  the  Uniyerfe  ? 
Surely  it  is  i and  raifes  in  us  the  mod  magnificent 
ideas  of  the  SUPKl  ME  BEING,  who  is  every 
where,  and  at  all  times  prefent ; difplaying  his 
power,  wifdom,  and  goodnefs  among  all  his  crea- 
tures ! and  diflribunng  happinefs  to  innumerable 
ranks  of  various  beings  ! 


87.  In 
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PLATE  I. 
Fg.  II. 

How  the 
Sun  appears 
til  thedifFer- 
ent  Planets. 


, In  Fig.  II.  we  have  a view  of  the  propor- 
tional breadth  of  the  Sun’s  fiice  or  difc,  as  feen 
fronn  the  different  Planets.  TheSun  is  reprefented 
N®  I,  as  feen  from  Mercury;  N°  2,  as  feen 
from  Venus;  as  feen  from  the  Earth  ; N*4, 

as  feen  from  Mars ; N’  5,  as  feen  from  Jupiter; 
and  N®  6,  as  feen  from  Saturn. 

Let  the  circle  5 be  the  Sun  as  feen  from  any  Fig.  iit. 
Planet  at  a given  diftance;  to  another  Planet,  at 
double  that  diftance,  the  Sun  will  appear  juft  of 
half  that  breadth,  as  yf;  which  contains  only  one 
fourth  part  of  the  area  or  furface  of  B.  For  all 
circles,  as  well  as  fquare  furfaces,  are  to  one  ano-  ' 
ther  as  the  fquares  of  their  diameters,  Thus,  the 
fquare  yf  is  juft  half  as  broad  as  the  fquare  .5;  and  Fig.  iv. 
yet  it  is  plain  to  fight,  that  B contains  four  times 
as  much  furface  as  yf.  Hence,*  by  comparino-  the 
diameters  of  the  above  Circles  ( Fig.  II.)  together, 
it  will  be  found,  that  in  round  numbers,  the  Sun 
appears  7 times  larger  to  Mercury  than  to  us,  90 
times  larger  to  us  than  to  Saturn,  and  630  times 
3S  large  to  Mercury  as  to  Saturn. 

88.  In  Fig.  V.  we  have  a view  of  the  bulks  of  Fig  v, 
the  Planets  in  proportion  to  each  other,  and  to  a 
iuppofed  globe  of  two  feet  diameter  for  the  Sun. 

1 he  Earth  is  27  times  as  big  as  Mercury,  very 
ittle  bigger  than  Venus,  5 times  as  big  as  Mars; 
hut  Jupiter  is  1049  times  as  big  as  the  Earth,  Sa’ 
turn  586  times  as  big,  exclufive  of  his  Ring;  and 
thoufand  650  times  as  big  as  the 
t-arth  If  the  Planets  in  this  Figure  were  fet  at 
heir  due  diftances  from  a Sun  of?wo  feet  diame- 

bulks,  as  in 

«hr  Syaem,  Mercury  would  be  28  yards  from  the 

The ^ Saturn  760  yards  2 feet, 

tance^^o'i  year  1680,  at  its  greatcft  dif- 

tion  rl  M 'bis  propor- 

Earrh  ^ b-om  the  center  of  the 

would  be  only  7.1  inches. 
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89.  To  aflift  the  imagination  in  forming  an  idea 
of  the  vaft  diftances  of  the  Sun,  Planets,  and  Stars, 
let  us  fuppofe,  that  a body  projected  from  the  Sun 
fhould  continue  to  fly  with  the  fwiftncfs  of  a can- 
non-ball, i.  e.  480  miles  every  hour;  this  body 
would  reach  the  Orbit  of  Mercury,  in  7 years  221 
days;  of  Venus,  in  14  years  8 days;  of  the  Earth, 
in  19  years  91  days;  of  Mars,  in  29  years  85  days; 
of  Jupiter,  in  ico  years  280  days;  of  Saturn,  in 
184  years  240  days  ; to  the  Comet  of  1680,  at  its 
greateft  diftarce  from  the  Sun,  in  266oyears;  and 
to  the  neared  fixed  Stars  in  about  7 million  6oq 
thoufand  years, 

90.  As  the  Earth  is  not  in  the  center  of  the  Or- 
bits in  which  the  Planers  move,  they  come  nearer 
to  it  and  go  farther  from  it,  at  different  times ; on 
which  account  they  appear  bigger  and  lefs  by  turns. 
Hence,  the  apparent  magnitudes  of  the  Planets 
are  not  always  a certain  rule  to  know  them  by. 

21.  Under  Fig.  III.  arethe  names  andcharafters 
of  the  twelve  figns  of  the  Zodiac,  which  the  Reader 
fiiould  be  perfedly  well  acquainted  with ; fo  as 
to  know  the  charaders  without  feeing  the  names. 
Each  fign  contains  30  degrees,  as  in  the  Circle 
bounding  the  Solar  Syftem;  to  which  the  charac- 
ters of  the  figns  aie  fet  in  their  proper  places. 

92.  The  Comets  are  folid  opaque  bodies,  with 
long  tranfparent  trains  or  tails,  iffuing  from  that 
fide  which  is  turned  away  from  the  Sun.  1 hey 
moveabout  theSun  in  very  eccentric  ellipfes;  and 
are  of  a much  greater  dcnfity  than  the  Earth;  for 
fome  of  them  are  heated  in  every  period  to  fuch  a 
degree,  as  would  vitrify  or  dilTipate  any  lubftance 
known  to  us.  Sir  Isaac  Newton  computed  the 
heat  of  the  Comet  which  appeared  in  the  year 
1680,  when  neareft  the  Sun,  to  be  2000  times  hot- 
ter than  red  hot  iron,  and  that  being  thus  heated, 
it  muft  retain  its  heat  until  it  comes  round  again, 

although  its  Period  Ihould  be  more  than  twenty 
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thowfand  years;  and  it  is  computed  to  be  only  575. 
The  method  of  computing  the  heat  of  bodies, 
keeping  at  any  known  diftance  from  the  Sun,  fo 
far  as  their  heat  depends  on  the  force  of  theSun*s 
rays,  is  very  eafy ; and  fhall  be  explained  in  the 
eighth  Chapter. 

93.  Part  of  the  Paths  of  three  Comets  are  deli- 
neated in  the  Scheme  of  the  Solar  Syftem,  and  the 
years  marked  in  which  they  made  their  appearance. 
There  are,  at  lead,  21  Comets  belonging  toourSyf- 
tem,  moving  in  all  forts  of  diredlions ; and  all  thofe 
which  have  been  obferved,  have  moved  through 
the  ethereal  Regions  and  the  Orbits  of  the  Planets, 
without  fufferingthe  lead  fen fiblerefiftance  in  their 
motions;  which  plainly  proves  that  the  Planets  do 
not  move  in  folid  Orbs.  Of  all  the  Comets,  the 
Periods  of  the  above  mentioned  three  only  are 
known  with  any  degree  of  certainty.  The  fird 
of  thefe  Comets  appeared  in  the  years  1 53 1, 1 607, 
and  1682 ; and  is  expe£ted  to  appear  again  in  the 
year  1758,  and  every  75th  year  afterward.  The 
fecond  of  them  appeared  in  1532  and  1661,  and 
may  be  expefted  to  return  in  1789,  and  every 
129th  year  afterward.  The  third,  having  lad 
appeared  in  1680,  and  its  Period  being  no  lefs 
^an  575  years,  cannot  return  until  the  year  2225. 
ThisComer,at  its  greated  didance,  is  about  eleven 
thoufand  two  hundred  million  of  miles  from  the 
Sun  ; and  at  its  lead  didance  from  theSun’s  center, 
which  is  49,000  miles,  is  within  lefs  than  a third 
part  of  the  Sun’s  femidiameter  from  his  furface. 
In  that  part  of  its  Orbit  which  is  neared  the  Sun, 
files  with  the  amazing  fwiftnefs  of  880,000  miles 
in  a hour;  and  the  Sun,  as  feen  from  it,  appears 
a hundred  degrees  in  breadth  ; confequcntly  40 
tnoufand  times  as  large  as  he  appears  to  us.  The 
altonifhing  length  that  this  Comet  runs  out  into 
V fuggeds  to  our  minds  an  idea  of  the 

altdiftance  between  the  Sun  and  the  neared  fixed 
‘^tars;  of  whofe  Aitraftions  all  the  Comets  mud 

^ 4 keep 
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keep  dear,  to  return  periodically,  and  go  round 
the  Sun  ; and  it  {hews  us  alfo,  that  the  neareft 
Stars,  which  are  probably  thofc  that  feem  the 
larged,  aie  as  big  as  our  Sun,  and  of  the  lame  na- 
ture with  him;  otherwife,  they  could  not  appear 
fo  large  and  bright  to  us  as  they  do  at  fuch  an  im- 
menfe  didance. 

94.  The  extreme  heat,  the  denfeatmofpherejthe 
grofs  vapours,  the  chaotic  date  of  the  Comets, 
feem  at  fird  fight  to  indicate  them  altogether  unfit 
for  the  purpoies  of  animal  life,  and  a mod  mil'er- 
able  habitation  for  rational  beings ; and  therefore 
fome*  are  of  opinion  tltat  they  are  fo  many  hells 
for  tormenting  the  damned  with  perpetual  vicifil- 
tudes  of  heat  and  cold.  But  when  we  confidcr,  on 
the  other  hand,  the  infinite  power  and  goodnefs  of 
the  Deity  j thelattcr  inclining,  the  formerenabling 
him  to  make  creatures  fuited  to  all  dates  and  cir- 
cumdances  ; that  matter  exids  only  for  the  fake 
of  intelligent  beings  j and  that  wherever  we  find 
it,  we  always  find  it  pregnant  with  life,  or  necef- 
farily  fubfervient  thereto  j the  numberlefs  fpecies, 
the  adonilhing  diverfity  of  animals  in  earth,  air, 
water,  and  even  on  other  animals  j every  blade  of 
grafs,  every  tender  leaf,  every  natural  fluid,  fwarm- 
ing  with  life;  and  every  one  of  thefe  enjoying  fuefi 
gratifications  as  the  nature  and  date  of  each  re- 
quires : when  we  refledt  moreover  that  fome  cen- 
turies ago,  till  experience  undeceived  us,  a great 
part  of  the  Earth  was  adjudged  uninhabitable;  the 
Torrid  Zone,  by  reafon  of  exetffive  hear,  and  the 
two  Frigid  Zones  becaufe  of  theipintolerablecold; 
it  feems  highly  probable,  that  fuch  numerous  and 
large  maffes  of  durable  matter  as  the  Comets  are, 
however  unlike  they  be  to  our  Earth,  are  not  de- 
ftitute  of  beings  capable  of  contemplating  with 
wonder,  and  acknowledging  with  gratitude,  the 
wifdom,  fymmetry  and  beauty  of  the  Creation; 

• Mr.  Whistow,  in  his  Aftronomical  Principles  of  Religion. 
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wjjich  is  more  plainly  to  be  obferved  In  their  ex- 
tenfive  I'our  through  the  Heavens,  than  in  our 
more  confined  Circuit.  If  farther  conjecture  is 
permitted,  may  we  not  fuppofe  them  inftrumental 
m recruiting  the  expended  fuel  of  the  Sun-,  and 
fupplying  the  cxhaurted  moifiure  of  the  Planets? 
Plowever  difficult  it  may  be,  circumltanced  as  vve 
are,  to  find  out  their  particular  deltination,  this  is 
■^an  undoubted  truth,  that  wherever  the  Deity  ex- 
erts his  power,  there  he  alfo  manifefts  his  wifdom 
and  goodnefs, 

95.  THE  SOLAR  SYSTEM,  here  defcribed, 
is  nor  a late  invention;  for  it  was  known  and 
taught  by  the  wife  Samian  philofopher  Pythago- 
ras, and  others  among  the  Ancients  : but -in  latter 
times  was  lofi,  till  the  15th  century,  when  it  was 
again  reftored  by  the  famous  Polijh  philofopher, 
Njcholaus  Copernicus,  vvhp  was  born  -MPhorn 
in  the  year  1473.  In  this,  he  was  followed  by  the 
greatelt mathematicians  and  philofophers  that  have 
fince  lived  ; as  Kepler,  Galileo,  Descartes, 
Gassendus,  and  Sir  Isaac  Newton;  the  1 aft  of 
whom  has  eftablifhed  this  Syftem  on  fuch  an  ever- 
lafting  foundation  of  mathematical  and  phyfical 
demonftration,  as  can  never  be  fbaken  : and  none 
who  underltand  him  can  hefitate  about  it. 

96.  In  the  Ptolomean  Syjiem^  the  Earth  was  fup- 
polcd  to  be  fixed  in  the  Center  of  the  Univerfe; 
and  that  the  Moon,  Mercury,  Venus,  the  Sun, 
MarSjJupiter,  and  Saturn,  moved  round  the  Earth- 
above  the  Planets,  this  Hypothefis  placed  the  Eir- 
mament  of  Srars,  and  then  the  two  Chryftalline 
Spheres ; all  which  were  included  in  and  received 
motion  from  the  Primum  Mobile,  which  conftantly 
^volvcd  about  the  Earth  in  24  hours  from  Eaft  to 
Weft.  But  as  this  rude  fcheme  was  found  inca- 
pable of  ftanding  the  tell  of  art  and  obfervation,  ic 
^as  fuon  rejected  by  all  true  philofophers ; not- 
Withftanding  the  oppofition  and  violence  of  blind 
and  zealous  bigots. 
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97.  li\\d'ychotttc  Syjlem  fucceeded  the  PtoIo~ 
mean^  but  was  never  fo  generally  received.  In 
this  the  Earth  was  fuppofed  to  ftand  (till  in  the 
Center  of  the  Univerfe  or  Firmament  of  Stars, 
and  the  Sun  to  revolve  about  it  every  24  hours; 
the  Planets,  Mercury,  Venus,  Mars,  Jupiter,  and 
Saturn,  going  round  the  Sun  in  the  times  already 
mentioned.  But  fome  of  Tycho’s  difciples  fup- 
pofed the  Earth  to  have  a diurnal  motion  round 
its  Axis,  and  the  Sun  with  all  the  above  Planets 
to  go  round  the  Earth  in  a year;  the  Planets 
moving  round  the  Sun  in  the  forefaid  times. 
This  hypothefis,  being  partly  true  and  partly 
falfe,  was  embraced  by  few;  and  foon  gave  way 
to  the  only  true  and  rational  Syftem,  reftored 
by  Copernicus,  and  demonftraled  by  Sir  Isaac 
IN' E WTO N. 

98.  To  bring  the  foregoing  particulars  into  one 
point  of  view,  with  feveral  others  which  follow, 
concerning  the  periods,  Diftances,  Bulks,  Cfc.  of 
the  Planets,  the  following  Table  is  inferred. 


A Table 


A Table  of  the  Periods,  Revolutions,  Magnitudes,  Sec.  of  the  Planets,  on  a fuppofition  of  the  Sun’s  Parallax  being  lO 
For  their  nearly  true  Diflanccs  from  the  Sun,  as  determined  from  Obfervations  of  the  Tranfit  of  Venus,  in  the  year  1761,  fee  § 194. 
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CHAP.  III. 

ne  COPERNICAN  SYSTEM  demon, 
ftraied  to  he  true. 

99.  ^ /I"  ATT'ER  is  of  itielf  lna(^ive,  and  indif- 
TVx  to  motion  or  red.  A body  at  reft 

can  never  put  itlelf  in  motion;  a body  in  rootior^ 
can  never  Hop  or  move  flower  of  itlelf.  Hence, 
when  we  fee  a body  in  motion,  \ye  conclude  fome 
other  lubftance  inuft  have  given  it  that  motion; 
when  we  fee  a body  fall  from  motion  to  reft,  we 
conclude  fome  other  body  or  caufe  ftopt  it. 

ICO.  All  motion  is  naturally  redlilineal.  A 
bullet  thrown  by  the  hand,  or  difeharged  from  a 
cannon,  would  continue  to  move  in  the  fame  di- 
redlion  it  received  at  firft,  if  no.  other  power  di- 
verted its  courfe.  Therefore,  when  we  fee  a body 
moving  in  a curve  of  whatever  kind,  we  conclude 
it  muft  be  a£ted  upon  by  two  powers  at  leaft:  one 
to  put  it  in  motion,  and  another  drawing  it  off 
from  the  redfilineal  courfe  which  it  would  other- 
wife  have  continued  to  move  in. 

joi.  The  power  by  which  bodies  fall  toward 
the  Earth,  is  called  Gratuity  or  AttraSiion.  By  this 
power  in  the  Earth  it  is,  that  all  bodies,  on  what- 
ever fide,  fall  in  lines^  perpendicular  to  its  furface. 
On  oppofite  parts  of  the  Earth  bodies  fall  in  oppo- 
fite  diredtions,  all  toward  the  center,  where  the 
whole  force  of  gravity  is,  as  it  were,  accumulated. 
By  this  power  conftantly  ading  on  bodies  near  the 
Earth,  they  are  kept  from  leaving  it  altogether; 
and  thofe  on  its  furface,  are  kept  thereto  on  all 
Tides,  fo  that  they  cannot  fall  from  it.  Bodies, 
thrown  with  any  obliquity  are  drawn  by  this  power 
from  a ftraight  line  into  a curve,  until  they  fall  to 
the  ground : the  greater  the  force  by  which  they  are 
thrown,  the  greater  is  the  diftance,  they  are  carried 
before  they  fall.  If  we  fuppofe  a body  carried 

feveral 
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feveral  miles  above  the  Earth,  and  there  projecfVcd 
in  a horizontal  clireclion  with  fo  great  a velocity 
that  it  would  move  more  than  a femidiameter  of 
the  Earth  in  the  time  it  would  take  to  fall  to  the 
Earth  by  gravity;  in  that  cafe,  if  there  were  no 
refilling  medium  in  the  way,  the  body  would  not 
fail  to  the  Earth  at  all,,  but  continue  to  circulate 
round  the  Earth,  keeping  always  the  fame  path^ 
and  returning  to  the  puiht  from  whence  it  was  pro- 
jeded  with  the  fame  velocity  as  at  firfl:. 

102.  We  find  the  Moon  moves  round  the  Earth  Projefnie 
in  an  Orbit  nearly  circular.  The  Moon  therefore  moattrabici 
tmilt  be  acted  on  by  two  powers  or  forces;  one 

which  would  caufe  her  to  move  in  a right  line^ 
another  bending  her  motion  from  that  line  into  a 
curve.  This  attractive  power  muft  be  feated  in 
the  Earth,  for  there  is  no  other  body  within  the 
M oon’s  Orbit  to  draw  her.  The  attraftive power 
of  the  Earth  therefore  extends  to  the  Moon  j and 
in  combination  with  her  projedtile  force,  caufes  her 
to  move  round  the  Earth  in  the  fame  manner  as 
the  circulating  body  above  fuppofed. 

103.  The  Moons  of  Jupiter  and  Saturn  are  ob-  The  Sun 
ferved  to  move  round  their  primary  Planets ; there- 

fore  there  is  an  attraftive  power  in  thefe  Planets. 

All  the  Planets  move  round  the  Sun,  and  refpedh 
it  for  their  center  of  motion  ; therefore  the  Sun 
muft  be  endowed  with  an  attradling  power,  as  well 
as  the  Earth  and  Planets.  The  like  may  be  proved 
of  the  Comets.  So  that  all  the  bodies  or  matter 
of  the  Solar  Syftem,  are  poiTcfted  of  this  power  j 
and  perhaps  fo  is  all  matter  whatever. 

104.  As  the  Sun  attrafls  the  Planets  with  their 
Satellited,  and  the  Earth  the  Moon,  fo  the  Planets 
and  Satellites  re-attra6l  the  Sun,  and  the  Moon  the 
Earth;  adion  and  re-a6lion  being  always  equal. 

This  is  alfo  confirmed  by  obfervation ; for  the 
Moon  raifes  tides  in  the  ocean,  and  the  Satellites 
and  Planets  difturb  one  another’s  motions. 


105.  Every 
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105.  Every  particle  of  matter  being  poflelted 
of  an  attrafting  power,  the  efFcft  of  the  whole 
muft  be  in  proportion  to  the  number  of  attradling 
particles:  that  is,  to  the  quantity  of  matter  in  the 
body.  This  is  demonftrated  from  experiments  on 
pendulums : for  if  they  are  of  equal  lengths^  what- 
ever their  weights  be,  they  always  vibrate  in 
equal  times.  Now,  if  one  be  double  the  weight 
of  another,  the  force  of  gravity  or  attraftion  muft 
be  double  to  make  it  ofdllate  with  the  fame  cele- 
rity : if  one  is  thrice  the  weight  or  quantity  of 
matter  of  another,  it  requires  thrice  the  force  of 
gravity  to  make  it  move  with  the  fame  celerity. 
Hence  it  is  certain,  that  the  power  of  gravity  is 
always  proportional  to  the  quantity  of  matter  in 
bodies,  whatever  their  bulks  or  figures  are. 

106.  Gravity  alfo,  like  all  other  virtues  or  ema- 
nations, either  drawing  or  impelling  a body  to- 
ward a center,  decreafes  as  the  fquare  of  the  dif- 
tance  increafes  : that  is,  a body  at  twice  the  dif- 
tance  attrafls  another  with  only  a fourth  part  of 
the  force;  at  four  times  the  diftance,  with  a fix- 
teenth  part  of  the  force.  This  too  is  confirmed 
from  obfervation,  by  comparing  the  diftance 
which  the  Moon  falls  in  a minute  from  a right  line 
touching  her  Orbit,  with  the  fpace  which  bodies 
near  the  Earth  fall  in  the  fame  time:  and  alfo  by 
comparing  the  forces  which  retain  Jupiter’s  Moons 
in  their  Orbits.  This  will  be  more  fully  explained 
in  the  feventh  Chapter. 

107.  The  mutual  attradlion  of  bodies  may  be 
exemplified  by  a boat  and  a Ihip  on  the  water,  tied 
by  a rope.  Let  a man  either  in  a fliip  or  boat  pull 
the  rope  (it  is  the  fame  in  effedl  at  which  end  he 
pulls,  for  the  rope  will  be  equally  ftretched 
throughout)  the  fliip  and  boat  will  be  drawn  to- 
ward one  another;  but  with  this  difference,  that 
the  boat  will  move  as  much  fafter  than  the  fhip, 
as  the  fliip  is  heavier  than  the  boat,  Suppofe  the 
boat  as  heavy  as  the  fliip,  and  they  will  draw  one 

10  another 
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another  equally  (fetting  afide  the  greater  refiftance 
of  the  Water  on  the  bigger  body)  and  meet  in  the 
middle  of  the  firft  diftance  between  them.  If  the 
Ihip  is  a thoufand  or  ten  thoufand  times  heavier 
than  the  boat,  the  boat  will  be  drawn  a thoufand 
or  ten  thoufand  times  fafter  than  the  fhip  j and 
meet  proportionably  nearer  the  place  from  which 
the  Ihip  fet  out.  Now,  while  one  man  pulls  the 
rope,  endeavouring  to  bring  the  fhip  and  boat  to- 
gether, let  another  man,  in  the  boat,  endeavour  to 
row  it  off  fideway,  or  at  right  angles  to  the  ropej 
and  the  former,  inftead  of  being  able  to  draw  the 
boat  to  the  fhip,  will  find  it  enough  for  him  to 
keep  the  boat  from  going  further  ofFj  while  the 
latter,  endeavouring  to  row  off  the  boat  in  a flraighc 
line,  will,  by  means  of  the  other’s  pulling  it  to- 
ward the  fhip,  row  the  boat  round  the  fhi^at  the 
rope’s  length  from  her.  Here  the  power  employed 
todrawthefhipand  boat  to  one  another  reprefents 
the  mutual  attraftion  of  the  Sun  and  Planets  by 
which  the  Planets  would  fall  freely  toward  the 
Sun  with  a quick  motion;  and  would  alfo  in  fall- 
mg  attraft  the  Sun  toward  them.  And  the  power 
employed  to  row  off  the  boat  reprefents  the  pro- 
jeaile  force  imprelTcd  on  the  Planets  at  right  ano-fes 
or  nearly  fo,  to  the  Sun’s  attraftion  ; by  w^ich 
means  the  Planets  move  round  the  Sun,  and  are 
kept  from  falling  to  it.  On  the  other  hand,  if  it 

light  boat,  they  will  meet  fooner  than  the  fliip  can 
get  round;  or  the  fhip  will  drag  the  boat  after  it. 

principles  be  applied  to  the 
^ evince,  beyond  a 

poffibihty  of  doubt,  that  the  Sun,  not  the  Earth 
13  the  center  of  the  Syfiem ; and  that  the  Earth 

Fo"  n Plants  do 
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from  the  line  of  projedion,  fo  as  to  bend  its 

motion 
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motion  into  a curve.  But  the  Sun  being  at  leaft 
i'i~j  thoufand  times  as  heavy  as  the  Earth,  by  be- 
ing fo  much  weightier  as  its  quantity  of  matter  is 
greater,  it  muft  mOve  227  thoufand  times  as  (lowly 
toward  the  Earth,  as  the  Earth  does  toward  the 
Sun  ; and  conlequently  the  Earth  would  fall  to  the 
Sun  in  a fhort  time,  if  it  had  not  a very  ftrong  pro- 
iedile  motion  to  carry  it  off.  The  Earth  therefore, 
as  well  as  every  other  Planet  in  the  Syftem,  muft 
have  a redtilineal  impulfe,  to  prevent  its  falling 
The^bfur*  to  the  Sun.  To  fay,  that  gravitation  retains  all 
other  Planets  in  their  Orbits  without  afFcdling 
TarThac'  the  Earth,  which  is  placed  between  the  Orbits  of 
Mars  and  Venus,  is  as  abfurd  as  to  fuppofe  that 
fix  cannon  bullets  might  be  projefted  upward  to 
' different  heights  in  the  Air,  and  that  five  of  them' 
fhould  fall  down  to  the  ground;  but  the  fixth, 
which  is  neither  the  higheft  nor  the  loweft,  fhould 
remain  fufpended  in  the  Air  without  falling,  and 
the  earth  move  round  about  it. 

109.  There  is  no  fuch  thing  in  nature  as  a heavy 
body  moving  round  a light  one  as  its  center  of 
motion.  A pebble  faftened  to  a mill-ftone  by  a 
firing,  may  by  an  eafy  impulfe  be  made  to  circu- 
late round  the  mill-ftone : but  no  impulfe  can 
make  a mill-ftone  circulate  round  a loofe  pebblej 
for  the  mill-ftone  would  go  off,  and  carry  the 
pebble  along  with  it. 

1 10.  The  Sun  is  fo  immenfely  bigger  arid  hea- 
vier than  the  Earth  *,  that  if  he  was  moved  out 
of  his  place,  not  only  the  Earth,  but  all  the  other 
Planets,  if  they  were  united  into  one  mafs,  would 
be  carried  along  with  the  Sun,  as  the  pebble 

Would  be  with  the  mill-ftone. 

111.  By  confidering  the  law  of  gravitation, 
which  takes  place  throughout  the  Solar  Syftem,  in 
another  light,  it  will  be  evident  that  the  Earth 
moves  round  the  Sun  in  a year;  and  not  the  Sun 
round  the  Earth.  It  has  been  fhewn  (§  106)  that 

» As  will  be  dcmonltraied  in  the  Ninth  Chapter. 
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the  power  of  gravity  decreafes  as  the  fquare  of  the  Thehar- 
dirtance  increafes;  and  from  this  it  follows  with  [hrcekLi 
mathematical  certainty,  that  when  two  or  more 
bodies  move  round  another  as  their  center  of  mo- 
tion, the  fquares  of  their  periodic  times  will  be  to 
one  another  in  the  fame  proportion  as  the  cubes 
of  their  diflances  from  the  central  body.  This 
holds  precifely  with  regard  to  the  Planets  round 
the  Sun,  and  the  Satellites  round  the  Planets  ; the 
relative  diftances  of  all  which  are  well  known. 

But,  if  we  fuppofe  the  Sun  to  move  round  the 
Earth,  and  compare  its  period  with  the  Moon’s 
by  the  above  rule,  it  will  be  found  that  the  Sun 
would  take  no  lefs  than  j73,5io  days  to  move 
round  the  Earth,  in  which  cafe  our  year  would  be 
475  t'naes  as  long  as  it  now  is.  To  this  we  may 
add,  that  the  afpedts  of  increafe  and  decreafe  of 
the  Planets,  the  times  of  their  feeming  to  ftand 
fill,  and  to  move  dired  and  retrograde,  anfwer 
precifely  to  the  Earth’s  motion  ; but  not  at  all  to 
theSun’s,  without  introducing  the  mod  abfurd  and 
mondrous  fuppofitions,  which  would  deftroy  all 
harmony,  order,  and  fimplicitv  in  the  Syftem. 

Moreover,  if  the  Earth  be  fuppofed  to  ftand  ftill* 
and  t^he  Stars  to  revolve  in  free  fpaces  about  the 
Earth  in  24  hours,  it  is  certain  that  the  forces  by 
which  the  Stars  revolve  in  their  Orbits  are  not  di- 
reded  to  the  Earth,  but  to  the  centers  of  the  feve- 

u ’o  feveral  parallel  Circles  Theabfur. 

which  the  Stars  on  different  fides  of  the  Equator  ‘‘'•7“'''“?' 
defcr.be  every  day  . and  the  like  inferences  maj 

rianels""nnr  H " 

bur  r Equinodial  ‘he  Earth. 

*hh  regard  co.heftarry 
heavens.  But,  that  forces  fhould  be  direded  to 

but  toTni  ^'“'^>,7  Pbyfically  depend, 

of  the  F,  1"  '""/g'u^ty  points  in  the  Axil 
vens  if  produced  to  the  Poles  of  the  Hea- 

y any  rational  creature.  And  it  is  ftill  more  ab- 

^ furd 
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furd  to  imagine  that  thefe  forces  fliould  increafc 
exadtly  in  proportion  to  the  diftances  from  this 
Axis  i for  that  is  an  indication  of  an  increafe  to  in- 
finity } whereas  the  force  of  attradtion  is  found  to 
decreafe  in  recedingfrom  the  fountain  from  whence 
it  flows.  Bur,  the  farther  any  Star  is  from  the  qui- 
efcent  Pole,  the  greater  mult  be  the  Orbit  which 
it  defcribes ; and  yet  it  appears  to  go  round  in  the 
fame  time  as  the  nearelt  Star  to  the  Pole  does. 
And  if  we  take  into  confideration  the  two-fold  mo- 
tion obferved  in  the  Stars,  one  diurnal  round  the 
Axis  of  the  Earth  in  24  hours,  and  the  other  round 
the  Axis  of  the  Ecliptic  in  25920  years,  § 251,  it 
would  require  an  explication  of  fuch  a perplexed 
compofition  of  forces,  as  could  by  no  means  be 
reconciled  with  any  phyfical  Theory. 

objeoion,  1 1 2.  There  is  but  one  objedlion  of  any  weight 
.gainttthe  1 made  againft  the  Earth’s  motion  round 

Earlh  s mo-  • . . • ° t • r*  • r ...u  ^ 

tion  an-  the  Sun,  which  is,  that  in  oppofite  points  of  the 
Earth’s  Orbit,  its  Axis,  which  always  keeps  a pa- 
rallel diredtion,  would  point  to  different  fixed  Stars; 
which  is  not  found  to  be  fadt.  But  this  objedlion 
iseafily  removed,  by  confidering  the  immenfe  dif- 
tance  of  the  Stars  in  reipedt  of  the  diameter  of  the 
Earth’s  Orbit;  the  latter  being  no  more  than  a 
point  when  compared  to  the  former.  If  we  lay  a 
ruler  on  the  fide  of  a table,  and  along  the  edge  of 
the  ruler  view  the  top  of  a fpire  at  ten  miles  dif- 
tance,  then  lay  the  ruler  on  the  oppofite  fide  of 
the  table  in  a parallel  fituation  to  what  it  had  be- 
fore, and  the  fpire  will  ftill  appear  along  the  edge 
of  the  ruler  ; becaufe-our  eyes,  even  when  affifted 
by  the  bell  inftrumcnts,  are  incapable  of  diftin- 
guifiiing  fo  fmall  a change  at  fo  great  a diftance. 

I 13.  Dr.  Bradley  found  by  a long  feries  of  the 
moft  accurate  obl'ervations,  that  there  is  a fmall  ap- 
parent motion  of  the  fixed  Stars,  occafioned  by  the 

aberration  of  their  light,  and  fo  exadtly  anfwering  to 

13 
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an  annual  motion  of  the  Earth,  as  evinces  the  fame, 
even  to  a mathematical  demonftration.  Thofe 
who  are  qualified  to  read  the  Dodtor’s  modeft  Ac- 
count of  this  great  difeovery,  may  confult  the  Phi- 
lojophical  'Trarifa£fions,  N°  406.  Or  they  may  find 
it  treated  of  at  large  by  Drs.  Smith*,  LoNcf, 
Desaguliers:};,  Rutherfurth  11,  Mr.  Maclau- 
RiN,  Mr.  Simpson^,  and  M.  de  tA  Caille**. 

1 14.  It  is  true  that  the  Sun  feems  to  change  his  Whythe 
place  daily,  fo  as  to  make  a tour  round  the  Harry  fo^chang?” 
Heavens  in  a year.  But  whether  the  Sun  or  Earth  hi*pi»c«- 
moves,  this  appearance  will  be  the  fame;  for, 

when  the  Earth  is  in  any  part  of  the  Heavens,  the 
Sun  will  appear  in  the  oppofire.  And  therefore 
this  appearance  can  be  no  objedlion  againit  the, 
motion  of  the  Earth. 

115.  It  is  well  known  to  every  perfon  who  has 
failed  on  fmooth  water,  or  been  carried  by  a ftream 
in  a calm,  that,  however  fall  the  velTcl  goes,  he 
does  not  feel  its  progrcflive  motion.  The  motion 
of  the  Earth  is  incomparably  more  fmooth  and  uni- 
form than  that  of  a fhip,  or  any  machine  made  and 
moved  by  human  art:  and  therefore  it  is  not  to  be 
imagined  that  we  can  feel  its  motion. 


1 16.  We  find  that  the  Sun,  and  thofe  Planets  TheEanh’a 
on  which  there  are  vifible  fpots,  turn  round  their 
Axes : for  the  fpots  move  regularly  over  their  mo^ft'ater 
Hilcsff.  From  hence  we  may  reafonably  con- 
clude, that  the  other  Planets,  on  which  we  fee  no 
fpots,  and  the  Earth,  which  is  likewife  a Planer, 
have  fuch  rotations.  But  being  incapable  of  leav- 
ing the  Earth,  and  viewing  it  at  a diltance,  and  its 
rotation  being  fmooth  and  uniform,  we  can  neither 


t PhK* ’ ^ ^ Aftronomy,  B.  II.  § 838. 

II  Account  of  Sir  IlLc 

iNewton  i Philo/aphual  D,f^o’veritt,  B.  III.  c.  2.  S 
f Mathemat.Kffays,  p.  EUmenU' AJircncL,  § 38,. 
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fee  it  move  on  its  Axis  as  we  do  the  Planets,  nor 
feel  ourfelves  atfefted  by  its  motion.  Yet 'there 
is  one  effedl  of  fuch  a motion,  which  will  enable 
us  to  judge  with  certainty  whether  the  Earth  re- 
volves on  its  Axis  or  not.  All  Globes  which  do  not 
turn  round  their  Axes  will  be  perfedt  fphtres,  on 
account  of  the  equality  of  the  weight  of  bodies  on 
their  furfaces  ; efpecially  of  the  fluid  parts.  But 
all  Globes  which  turn  on  their  Axes  will  be  oblate 
fphcriods;  that  is,  their  furfaces  will  be  higher  or 
farther  from  the  center  in  the  equatorial  than  in 
the  polar  Regions}  for,  as  the  equatorial  parts 
move  quickeft,  they  will  recede  fartheft  from  the 
Axis  of  motion,  and  enlarge  the  equatorial  dia- 
meter. That  our  Earth  is  really  of  this  figure,  is 
demonftrable  from  the  unequal  vibrations  of  a 
pendulum,  and  the  unequal  lengths  of  degrees  in 
different  latitudes.  Since  then  the  Earth  is  higher 
at  the  Equator  than  at  the  Poles,  the  fea,  which 
naturally  runs  downward,  or  toward  the  places 
which  are  neareft  the  center,  would  run  toward 
the  polar  Regions,  and  leave  the  equatorial  parts 
dry,  if  the  centrifugal  force  of  thefe  parts  by 
which  the  waters  were  carried  thither  did  not  keep 
them  from  returning.  Ti  he  Earth  s equatorial  dia- 
meter is  36  miles  longer  than  its  Axis. 

All  bodies  1 17.  Bodies  near  the  Poles  are  heavier  than  thofe 
heavier  at  towatcl  thc  Equatot,  bccaufe  they  are  nearer  the 
iL't;  Earth’s  center,  where  the  whole  force  of  the  Earth’s 
woiiiti  be  at  attraftion  is  accumulated.  They  are  alio  heavier, 
theircentrifugal  force  is  lefs,  on  account 
of  their  diurnal  motion  being  flower.  For  both 
thefe  reafons,  bodies  carried  from  the  Poles  tov^rd 
the  Equator,  gradually  lofe  of  their  weight.  Ex- 
periments prove  that  a pendulum,  which  vibrates 
feconds  near  the  Poles,  vibrates  flower  near  tl^ 
Equator,  which  fhews,  that  it  is  lighter  or  lefs 
attratled  there.  To  make  it  ofcillate  in  the  fame 
A time  it  is  found  neceifary  to  diminifh  its  length. 
By  comparing  the  different  lengths  of 
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fwinging  feconds  at  the  Equator  and  London,  it 
is  found  that  a pendulunn  muft  be  a-j-'-s^oV  lines 
fl-jorter  at  the  Equator  than  at  the  Poles.  A line 
is  a twelfth  part  of  an  inch. 

11 8.  If  the  Earth  turned.,round  its  Axis  in  84  Howtf.ey 
minutes  43  feconds,  the  centrifugal  force  would  be 
equal  to^he  power  of  gravity  at  the  Equator  j and  weight! 
all  bodies  there  would  entirely  lofe  their  weight. 

If  the  Earth  revolved  quicker,  they  would  all  fly 
off,  and  leave  it. 

1 19,  A perfon  on  the  Earth  can  no  more  be  fen-  The  Earth’s 
Able  of  its  undifturbed  motion  on  its  Axis,  than 

one  in  the  cabin  of  a Ihip  on  fmooth  water  can  be 
fenfible  of  the  fliip’s  motion  when  it  turns  gently 
and  uniformly  round.  It  is  therefore  no  argument 
againft  the  Earth’s  diurnal  motion,  that  we  do  not 
feel  it : nor  is  the  apparent  revolutions  of  the  celef- 
tial  bodies  every  day  a proof  of  the  reality  of  thefe 
motions j for  whether  we  or  they  revolve,  the  ap- 
pearance  is  the  very  fame.  A perfon  looking 
through  the  caoin-windows  of  a fliip  as  flroncrly 
fancies  the  objedts  on  land  to  go  round  when  the 
Ihip  turns,  as  if  they  were  adlually  in  motion. 


120.  If  we  could  tranflate  ourfelves  from  Plane 
to  Planet,  we  Ihould  ftill  find  that  the  Stars  woulc 
appear  of  the  fame  magnitudes,  and  at  the  fami 
diltances  from  each  other,  as  they  do  to  us  here 
becaufe  the  width  of  the  remoteil:  Planet’s  Orbi 
bears  no  fenfible  proportion  to  the  diftance  of  th( 
Stars.  But  then,  the  Heavens  would  feem  to  re 

volve  about  very  different  Axes;  andconfequently 

thole  quielcent  points,  which  are  our  Poles  k 
the  Pleavcns,  would  feem  to  revolve  about  othei 
points,  which,  though  apparently  in  motion  as  feer 
Pom  the  Earth,  would  be  at  reft  as  feen  from  an^ 

almnV^  ^ the  Axis  of  Venus,  which  lia 

Imoft  at  right  Angles  to  the  Axis  of  the  Earth 

Domr^  fT  motionlefs  Poles  in  two  oppofiti 
points  of  the  Heavens  lying  almoft  in  our  Equi- 

^ 3 nodtial 
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noftial,  wherethe  motion  appears  quickeft,  becaufe 
it  is  feemingly  performed  in  the  greateft  Circle. 
And  the  very  Poles,  which  arc  at  reft  to  us,  have 
the  quickeft  motion  of  all  as  feen  from  Venus. 
To  Mars  and  Jupiter  the  Heavens  appear  to  turn 
round  with  very  different  velocities  on  the  fame 
Axis,  whofe  Poles  are  about  23 1 degrees  from  ours. 
Were  we  on  Jupiter,  we  fhould  be  at  firft  amazed 
at  the  rapid  motion  of  the  Heavens;  the  Sun  and 
Stars  going  round  in  9 hours  56  minutes.  Could 
we  go  from  thence  to  Venus,  we  fhould  be  as  much 
furprifed  at  the  (lownefs  of  the  heavenly  motions; 
the  Sun  going  but  once  round  in  584  hours,  and 
the  Stars  in  540.  And  could  we  go  from  V enus  to 
the  Moon,  we  fhould  fee  the  Heavens  turn  round 
•^■with  a yet  flower  motion;  the  Sun  in  708  hours, 
the  Stars  in  655.  As  it  is  impofflble  thefe  vari- 
ous circumvolutions  in  fuch  different  tirnes,  and 
on  fuch  different  Axes,  can  be  real,  foitisunrea- 
fonable  to  fuppofe  the  Heavens  to  revolve  about 
ourEarth  more  than  it  does  about  any  other  Planet. 
When  we  refleft  on  the  vaft  diftance  of  the  fixed 
Stars,  to  which  1 62,000,000  of  miles,  the  diameter 
of  the  Earth’s  Orbit,  is  but  a point,  we  are  filled 
with  amazement  at  the  immenfityof  their  diftance. 
But  if  we  try  to  frame  an  idea  of  the  extreme  rapi- 
dity with  which  the  Stars  muft  move,  if  they  move 
round  the  Earth  in  24  hours,  the  thought  becomes 
fo  much  too  big  for  our  imagination,  that  we  can 
no  more  conceive  it  than  we  do  infinity  or  eternity. 
If  the  Sun  was  to  go  round  the  Earth  in  24  hours, 
he  muft  travel  upward  of  300,000  miles  in  a mi- 
nute : but  the  Stars  being  at  leaft  400,000  times  as 
far  from  the  Sun  as  the  Sun  is  from  us,  thole 
about  the  Equator  muft  move  400,000  times  as 
quick.  And  all  this  to  ferve  no  other  purpofe  than 
what  can  be  as  fully  and  much  more  fimply  obtained 
by  the  Earth’s  turning  round  caftward,  as  on  an 

Axis,  every  24.  hours,  caufing  thereby  an  apparent 

diurnal 
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diurnal  motion  of  the  Sun  weftward,  and  bring- 
ing about  the  alternate  returns  of  day  and  night. 

1 21.  As  to  the  common  objedlions  againft  the  Ohjefljons 
Earth’s  motion  on  its  Axis,  they  are  all  eafily  an-  EanhVii! 
fwered  and  fet  afide.  That  it  may  turn  without  'yiai  mo- 
being  feen  or  felt  by  us  to  dofo,  has  been  already  fwere".’ 
lliewn,  § 1 19.  But  fome  are  apt  to  imagine  that 
if  the  Earth  turrw  eaftward  (as  it  certainly  does,  if 
it  turns  at  all)  a ball  fired  perpendicularly  upward 
in  the  air  mult  fall  confiderably  weftward  of  the 
place  it  was  projedled  from.  The  objedlion,  which 
at  firft  feems  to  have  fome  weight,  will  be  found 
to  have  none  at  all,  when  we  confider  that  the  gun 
and  ball  partake  of  the  Earth’s  motion ; and  there- 
fore the  ball  being  carried  forward  with  the  air  as 
quick  as  the  Earth  and  air  turn,  muft  fall  down  on 
the  fame  place.  A ftone  let  fall  from  the  top  of  a 
main-maft,  if  it  meets  with  no  obftacle,  falls  on  the 
deck  as  near  the  foot  of  the  maft  when  the  fhip  fails 
as  when  it  does  not.  If  an  inverted  bottle,  full  of 
liquor,  be  hung  up  to  the  cieling  of  the  cabin, 
and  a fmall  hole  be  made  in  the  cork  to  let  the 
liquor  drop  through  on  the  floor,  the  drops  will 
fall  , juft  as  far  forward  o>n  the  floor  when  the  fhip 
fails  as  when  it  is  at  reft.  And  gnats  or  flies  can  as 
eafily  dance  among  one  another  in  a moving  cabin 
as  in  a fixed  chamber.  As  for  thofe  fcripture  ex- 
prefiions  which  ieem  to  contradidl  the  Earth’s 
motion,  the  following  reply  may  be  made  to  them 
2II-;  It  is  plain  from  many  inftances,  that  the 
Scriptures  were  never  intended  to  inftrufl  us  in 
Philofophy  or  Aftronomyj  and  therefore,  on  thofe 
fubjedts,  exprefiions  are  not  alv/ays  to  be  taken  in 
the  literal  fenfe  j but  for  the  mod:  part  as  accom- 
modate.! to  the  common  apprehenfions  of  mankind. 

Men  of  fenlc  in  all  ages,  when  not  treating  of  the 
iciences  purpolely,  have  followed  this  method: 
and  It  would  be  in  vain  to  follow  any  other  in  ad- 
drefling  ourfelve.s  to  the  vulgar,  or  bulk  of  any 

^ 4 community. 
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community.  Mofes  calls  the  Moon  A GREAT 
I.UMIN  ARY  (as  it  is  in  the  Hebrew)  as  well  as 
the  Sun  : but  the  Moon  is  known  to  be  an  opaque 
body,  and  the  fmalleft  that  Aftronomers  have  ob- 
ferved  in  the  Eleavens ; and  fliines  upon  us  not  by 
any  inherent  light  of  its  own,  but  by  rcfledling 
the  light  of  the  Sun.  Mofes know  this,  but 
had  he  told  the  Ifraelites  fo,  they  would  have  flared 
at  him;  and  confidered  him  rather  as  a madman, 
than  as  a perfon  commifTioned  by  the  Almighty  to 
be  their  leader. 


C FI  A P.  IV. 

l!he  Phenomena  of  the  Heavens  as  feen  from  diferent 
Parts  of  the  Earth. 

We  are  kept  122.  T 7 E ate  kept  to  the  Earth’s  furface  on 
to  the  Earth  V V fidcs  by  the  power  of  its  central 
^ attradlion ; which,  laying  hold  of  all  bodies  accord- 
ing to  their  denfities  or  quantities  of  matter,  with- 
out regard  to  their  bulks,  conftitutes  what  we  call 
their  weight.  And  having  the  fky  over  our  heads, 
go  where  we  will,  and  our  feet  toward  the  center 
of  the  Earth,  we  call  it  uf  over  our  heads,  and 
down  under  our  feet:  although  the  fame  right  line 
which  x^down  to  us,  if  continued  through  and  be- 
yond the  oppofite  lide  of  the  Earth,  would  be«/>  to 
PLATE  II.  the  inhabitants  on  the  oppofite  fide.  For,  the  in- 
habitants  n,  /,  e,  m,  j,  c,  q,  /,  (land  with  their  feet 
toward  the  Earth’s  center  C;  and  have  the  fame 
figure  of  fky  iV,  7,  £,  M,  S,  O,  A,  over  their 
heads.  Therefore,  the  point  .S  is  as  direcdly  upward 
to  the  inhabitant  s on  the  South  Pole,  zsNis  to  the 
inhabitant  n on  the  North  Pole:  fo  is  E to  the 
inhabitant  e fuppofed  to  be  on  the  North  end  of 
Peru-,  and  ^to  the  oppofite  inhabitant  q on  the 
middle  of  the  ifland  Sumatra.  Each  o(  theie  ob- 
Antipodes.  fervers  is  furprifed  that  his  oppofite  os  Antipode  can 
Hand  with  his  head  hanging  downward.  But  let 
r r either 
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either  go  to  the  other,  and  he  will  tell  him  that  he  plate 
ftood  as  upright  and  firm  on  the  place  where  he. 
was,  as  he  now  ftands  where  he  is.  To  ail  thefe 
obfervers  the  Sun,  Moon,  and  Stars,  fcem  to 
turn  round  the  points  TV  and  Sy  as  the  Poles  of  a xls  of  the 
the  fixed  Axis  1SCS-,  becaule  the  Earth  does 
really  turn  round  the  mathematical  line  k C r as 
round  an  Axis,  of  which  n is  ihe  North  Pole,  and  I's  Poles. 
s the  South  Pole.  The  inhabitant  U (Fig.  II.)  Fi?- n. 
affirms,  that  he  is  on  the  uppermoft  fide  of  the 
Earth,  and  wonders  how  another  at  L can  ftand 
on  the  undermoft  fide  with  his  head  hanging  down- 
wards. But  U in  the  mean  time Torgets  that  in 
twelve  hours  time  he  will  be  carried  half  round 
with  the  Earth,  and  then  be  in  the  very  fituation 
that  L now  is,  although  as  far  from  him  as  before. 

And  yet,  when  U comes  there,  he  will  find  no  dif- 
ference as  to  his  manner  of  ftanding;  only  he  will 
lee  the  oppofne  half  of  the  Heavens,  and  imagine 
ihe  Heavens  to  have  gone  half  round  the  Earth. 

1 23.  When  we  fee  a Globe  hung  up  in  a room,  How  our 
we  cannot  help  imagining  it  to  have  an  upper  and  WaTuj! 
an  under  fide,  and  immediately  form  a like  idea  per  and  aa 
of  the  Earth ; ffiom  wjience  we  conclude,  that  it  is 
as  impoffible  for  people  to  ftand  on  the  under  fide 
of  the  Earth,  as  for  pebbles  to  lie  on  the  under 
fide  of  a common  Globe,  which  inftantly  fall  down 
from  it  to  the  ground;  and  well  they  may,  becaufe 
the  artradlion  of  the  Itarth  being  greater  than  the 
attraflion  of  the  Globe,  pulls  them  away.  Juft  fo 
would  be  the  cafe  with  our  Earth,  if  it  were  placed- 
near  a Globe  much  bigger  chan  itfclf,  fuch  as 
Jupicer  ; for  then  it  vvouid  really  have  an  upper 
3nd  an  under  fide  with  reipecl  to  that  largeGlobe; 
which,  by  its  Attradfion,  would  pull  away  every 
thing  from  the  fide  01  the  Earth  next  to  it;  and 
only  thofe  on  its  furlace  at  the  oppofite  fide 
could  remain  upon  u.  But  there  is  no  largerGlobe 
near  enough  our  Earth  to  overcome  its  central 

attradlion ; 
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attraction ; and  therefore  it  has  no  fuch  thing  as  an 
upper  and  an  under  fide;  for  all  bodies  on  or  near 
its  furface,  even  to  the  Moon,  gravitate  toward 
its  center. 

124.  Let  any  man  imagine  that  the  Earth  and 
every  thing  but  himfelf  is  taken  away,  and  he  left 
alone  in  the  midll  of  indefinite  fpace;  he  could 
then  have  no  idea  of  up  or  down\  and  were  his 
pockets  full  of  gold,  he  might  take  the  pieces  one 
by  one,  and  throw  them  away  on  all  fides  of  him, 
without  any  danger  of  lofing  them ; for  the  attrac- 
tion of  his  body  would  bring  them  all  back  by 
the  way  they  went,  and  he  would  be  down  to  every 
one  of  them.  But  then,  if  a Sun  or  any  other 
large  body  were  created,  and  placed  in  any  part  of 
Space  feveral  millions  of  miles  from  him,  he  would 
be  attracted  toward  it,  and  could  not  fave  himfelf 
from  falling  down  to  it. 

125.  The  Earth’s  bulk  is  but  a point,  as  that  at 
C,  compared  to  the  Heavens;  and  therefore  every 
inhabitant  upon  it,  let  him  be  where  he  will,  as  at 
n,  £,  w,  s,  &c.  fees  half  of  the  Heavens.  The  in- 
habitant «,  on  the  North  Pole  of  the  Earth,  con- 
llantly  fees  the  Hemifphere  EN^-,  and  having 
the  North  Pole  N of  the  Heavens  juft  over  his 
head,  his  Horizon  * coincides  with  the  Celeftial 
Equator  EC^.  Therefore  all  the  Stars  in  the 
Northern  Hemifphere  EN^,  between  the  Equa- 
tor and  North  Pole,  appear  to  turn  round  the  line 
NC,  moving  parallel  to  the  Horizon.  The  Equa- 
torial Stars  keep  in  the  Horizon,  and  all  thole  in 
the  Southern  Hemifphere  ES^zre  invifible.  The 
like  Phenomena  are  feen  by  the  obferver  s on  the 
South  Pole,  with  refpeCl  to  the  Hemifphere  ESS^, 
and  to  him  the  oppofue  Hemifphere  is  always 
invifible.  Hence,  under  either  Pole,  only  one 

♦ The  utmofl  limit  of  a perfon’i  view,  where  thi*  Sky  Teems 
to  touch  the  tarth  all  around,  is  called  bis  Horizon;  which 
fhifis  as  the  perfon  changes  his  place. 


half 
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half  of  the  Heavens  is  feen  ; for  thofe  parts  which 
are  once  vifible  never  fet,  and  thofe  which  areoncc 
invifible  never  rife.  But  the  Ecliptic  TCX,  or 
Orbit  which  the  Sun  appears  to  defcribe  once  a- 
year  by  the  Earth’s  annual  motion,  has  the  half 
conftantly  above  the  Horizon  EC^of  the  North 
Pole  n-,  and  the  other  half  CX  always  below  it. 
Therefore  while  the  Sun  defcribes  the  northern  Phenomena 
half  To  of  theEcliptic,  he  neither  fets  to  theNorth 
Pole  nor  rifes  to  the  South ; and  while  he  defcribes 
the  fouthern  half  CX,  he  neither  fets  to  the  South 
Pole,  nor  rifes  to  the  North.  The  fame  things  are 
true  with  refpect  to  the  Moon;  only  with  this  dif- 
ference, that  as  the  Sun  defcribes  the  Ecliptic  but 
once  a-year,  he  is  for  half  that  time  vifible  to  each 
Pole  in  its  turn,  and  as  long  Invifible;  but  as  the 
Moon  goes  round  the  Ecliptic  in  27  days  8 hours, 
fhe  is  only  vifible  for  13  days  16  hours,  and  as  long 
invifible  to  each  Pole  by  turns.  All  the  Planets 
likewife  rife  and  fet  to  the  Poles,  becaufe  their 
Orbits  are  cut  obliquely  in  halves  by  the  Horizon 
of  the  Poles.  When  the  Sun  (in  his  apparent  way 
from  X)  arrives  at  C,  which  is  on  the  2o:h  of 
March,  he  is  juft  rifing  to  an  obferver  at » on  the 
North  Pole,and  fetting  to  another  at  s on  theSouth 
Pole.  From  C he  rifes  higher  and  higher  in  every 
apparent  Diurnal  revolution,  till  he  comes  to  the 
higheft  point  of  the  Ecliptiejj-,  on  the  21ft  ofjune^ 
and  then  he  is  at  his  greateft  altitude,  which  is 
234  degrees,  or  the  Arc  Ey,  equal  to  his  greateft 
north  declination;  and  from  thence  he  feems  to 
defeend  gradually  in  every  apparent  Circumvolu- 
tion,  till  he  fets  at  Con  the  23d  of  September-,  and 
then  he  goes  to  exhibit  the  like  Appearances  at  the 
South  Pole  for  the  other  half  of  the  year.  Hence 
the  Sun’s  apparent  motion  round  the  Earth  is  not 
in  parallel  Circl  s,  but  in  Spirals;  fuch  as  might 
be  reprefented  by  a thread  wound  round  a Globe 
f^rom Tropic  to  Tropic;  the  Spirals  being  at  fome 
diftancc  from  one  another  about  the  Equator,  and 
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gradually  nearer  to  each  other  as  they  approach  to- 
ward the  T Topics. 

1 26.  If  the  obferver  be  any  where  on  the  Ter- 
reftrial  Equator  e Cq,  as  fuppofe  at  e,  he  is  in  the 
plane  of  the  Celeftial  Equator;  or  under  the  Equi- 
nodlial  EC^;  and  the  Axis  of  the  Earth  nCs  is 
coincident  with  the  plane  of  his  Horizon,  extended 
out  to  JP  and  S,  the  North  and  South  Poles  of  the 
Heavens.  As  the  Earth  turns  round  the  line  N CS, 
the  whole  Eleavens  A/OA/  feein  to  turn  round  the 
fanne  line,  but  the  contrary  way.  It  is  plain  that 
this  obferver  has  the  Celeftial  Poles  cor.ftantly  in 
his  Horizon,  and  that  his  Horizon  cuts  the  Diurnal 
paths  of  all  the  Celellial  bodies  perpendicularly, 
and  in  halves.  Therefore  the  Sun,  Planets,  and 
Stars,  rife  every  day,  and  afeend  perpendicularly 
above  the  Horizon  for  fix  hours,  and  palfing  over 
the  Meridian,  defcejid  in  the  fame  manner  for  the 
fix  following  hours;  then  fet  in  the  Horizon,  and 
continue  twelve  hours  below  it.  Confequently  at 
the  Equator  the  days  and  nights  are  equally  long 
throughout  the  year.  When  the  obferver  is  in  the 
fituation  e,  he  fees  the  Hemifphere  SEN-,  but  in 
twelve  hours  after,  he  is  carried  half  round  the 
Earth’s  Axis  to  q,  and  then  the  Hemifphere  S 
becomes  vifible  to  him;  and  5 £ Af  difappears. 
Thus  we  find,  that  to  an  obferver  at  either  of  the 
Poles  one  half  of  the  Sky  is  always  vifible,  and  the 
other  half  never  feen  ; but  to  an  obferver  on  the 
Equator  the  whole  Sky  is  feen  every  24  hours. 

The  Figure  here  referred  to,  reprefents  a Celef- 
tial globe  of  glafs,  having  a Terreftrial  Globe 
within  it:  after  the  manner  of  the  Glals  Sphere  in- 
vented by  my  generous  friend  Dr.LoNCjAoww^/ifjV 
Profeflbr  of  Aftronomy  in  Cambridge. 

127.  If  a Globe  be  held  fidewife  to  the  eye,  at 

fome  diftance,  and  fo  that  neither  of  its  Poles  can 
be  feen,  the  Equator  and  all  Circles  parallel 

to  it,  ^%DL,yzx,abX,  MO,  &c.  will  appear  to  be 

flraighc 
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ftraight  lines,  as  projefled  in  this  Figure  ; which 
is  requifite  to  be  mentioned  here,  becaufe  we 
lhall  have  occafion  to  call  them  Circles  in  the  fol- 
lowing Articles  of  this  Chapter*. 

128.  Let  us  now  fuppofe  that  the  obferver  has  Phenomena 
eone  from  the  Equator  toward  the  North  Pole;/,  |>.^tweenihe 

O 1-11  1 -hquatorand 

and  that  he  Hops  at  z,  from  which  place  he  then  eues. 
fees  the  Hemifphere  MEJNL-,  his  Horizon iVfCZ. 
having  fhifted  as  many  Degrees  j-  from  the  Celef- 
tial  Poles  N and  S,  as  he  has  travelled  from  under 
the  Equino6lial£.  And  as  the  Heavens  feem  con- 
flantly  to  turn  round  the  line  NCS  as  an  Axis,  all 
thofe  Stars  which  are  not  fo  many  degrees  from 
the  North  Pole  N as  the  obferver  is  from  theEqui- 
noftial,  namely,  the  Stars  north  of  the  dotted  pa- 
rallel DA,  never  fet  below  the  Horizon;  and  thofe 
which  are  fouth  of  the  dotted  parallel  MO  never 
rife  above  it.  Hence  the  former  of  the/e  two  pa- 
rallel Circles  is  called  the  Circle  of  fer'petiialAppa-  The  circles 
rition,  and  the  latter  the  Circle  of -perpetual  Occul- 
tation:  but  all  the  Stars  between  thefe  two  Circles  and  Occul- 
rife  and  fet  every  day.  Let  us  imagine  many  Cir- 
cles  to  be  drawn  between  thefe  two,  and  parallel 
to  them  ; thofe  which  are  on  the  north  fide  of  the 
Equinodial  will  be  unequally  cut  by  the  Horizon 
MCL,  having  larger  portions  above  the  Horizon 
than  below  it ; and  the  more  fo,  as  they  are  nearer 
to  the  Circle  of  perpetual  Apparition  ; but  the  re- 
verfe  happens  to  thofe  on  the  fouth  fide  of  the 
Equinoctial,  while  the  Equinodial  is  divided  in 
two  equal  parts  by  the  Horizon.  Hence,  by  the 
apparent  turning  of  the  Heavens,  the  northern 
Stars  deferibe  greater  Arcs  or  Portions  of  Circles 
above  the  Horizon  than  below  it;  and  the  greater, 
as  they  are  farther  from  the  Equino61iartoward 

the  Circle  of  perpetual  Apparition;  while  the  con- 


* T he  Plane  of  a Circle,  or  a thin  circular  Plate,  being 
turned  edgewtfe  to  the  eye,  appears  to  be  a ftraiglu  line, 
t Degree  is  the  360th  part  of  a Circle. 
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trary  happens  to  all  Stars  fouth  of  theEquinoftial : 
but  thofe  upon  it  defcribc  equal  Arcs  both  above 
and  below  the  Horizon,  and  therefore  they  are  juft 
as  long  above  as  below  it. 

129.  An  obferver  on  the  Equator  has  no  Circle 
of  perpetual  Apparition  orOccultation,  becaufe  all 
the  Stars,  together  with  the  Sun  and  Moon,  rife 
and  fet  to  him  every  day.  Bur,  as  a bare  view  of 
the  Figure  is  fufficient  to  (hew  that  thefe  two  Cir- 
cles HL  and  MO  are  juft  as  far  from  the  Poles  TV 
and  S as  the  obferver  at  i (or  one  oppofite  to  him 
at  0)  is  from  the  Equator  EC^\  it  is  plain,  that  if 
an  obferver  begins  to  travel  from  the  Exjuator  to- 
ward either  Pole,  his  Circle  of  perpetual  Appa- 
rition rifes  from  that  Pole  as  from  a Point,  and  his 
Circle  of  perpetual  Occultation  from  the  other. 
As  the  obferver  advances  toward  the  nearer  Pole, 
thefe  two  Circles  enlarge  their  diameters,  and  come 
nearer  one  another,  until  he  comes  to  the  Pole ; 
and  then  they  meet  and  coincide  in  the  Equinoc- 
tial. On  different  fides  of  the  Equator,  to  ob- 
fervers  at  equal  diftances  from  it,  the  Circle  of 
perpetual  Apparition  to  one  is  the  Circle  of  per- 
petual Occultation  to  the  other. 

130.  Becaufe  theStars  never  vary  their  diftances 
from  the  Equinoftial,  io  as  to  be  fenfible  in  an 
ao-e,  the  lengths  of  their  diurnal  and  nodturnal 
/Tres  are  always  the  fame  to  the  fame  places  on  the 
Earth.  But  as  the  l-larth  goes  round  the  Sun  every 
year  in  the  Ecliptic,  one  half  of  which  is  on  the 
north  fide  oftheEquinoftial,  and  the  other  half  on 
its  fouth  fide,  the  Sun  appears  to  change  his  place 
cverv  day,  lo  as  to  go  once  round  the  Circle  YC X 
every  year,  § 114*  Therefore  while  the  Sun  ap 
pears  to  advance  northward, from  having  deferibed 
the  parallel  touching  the  Ecliptic  in  X,  the 
days  continually  lengthen  and  the  nights  (horten, 
until  he  comes  to_>-  and  deferibes  the  I arallc^Jy2:x, 
when  the  days  arc  at  the  longeft  and  the  nights  at 
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the  (horteft:  for  then,  as  the  Sun  goes  no  farther  plateji. 
northward,  the  greateft  portion  that  is  poffibleof 
the  diurnal  Arc  is  above  the  Horizon  of  the 
inhabitant  /}  and  the  fmallefl:  portion  zx  below  it. 

As  the  Sun  declines  fouthward  fromjy,  he  defcribes 
fmaller  diurnal  and  greater  nodlurnal  Arcs,  or  Por- 
tions of  Circles,  every  day;  which  caufes  the  days 
to  fhorten  and  nights  to  lengthen,  until  he  arrives 
again  at  the  Parallel  ahX;  which  having  only  the 
fmall  part  ah  above  the  Horizon  MCL^  and  the 
great  part  bX  below  it,  the  days  are  at  the  Ihortefl: 
and  the  nights  at  the  longefl: : becaufe  the  Sun  re- 
cedes no  farther  fouth,  but  returns  northward  as 
before.  It  is  eafy  to  fee  that  the  Sun  muft  be  in 
the  Equinoftial  twice  every  year,  and  then 

the  days  and  nights  are  equally  long;  that  is,  iz 
hours  each.  Thefe  hints  ferve  at  prefent  to  give 
an  idea  of  fome  of  the  Appearances  refulting  from 
the  motions  of  the  Earth;  which  will  be  more 
particularly  defcribed  in  the  tenth  Chapter. 

131.  To  an  obferver  at  either  Pole,  the  Hori- 
zon  and  Equinoftial  are  coincident;  and  the  Sun  ob"S 
and  Stars  fcem  to  move  parallel  to  the  iiorizon  : Right 

therefore  fuch  an  obferver  is  faid  to  have  a parallel  th«r’ 
poficion  of  the  Sphere.  To  an  obferver  any  where 
between  either  Pole  and  Equator,  the  Parallels 
defcribed  by  the  Sun  and  Stars  are  cut  obliquely 
by  the  Horizon,  and  therefore  he  is  faid  to  have 
an  oblique  poficion  of  the  Sphere.  To  an  ob- 
ferver any  where  on  the  Equator,  the  Parallels  of 
Motion,  defcribed  by  the  Sun  and  Scars,  are  cut 
perpendicularly,  or  at  Right  Angles,  by  the  Ho- 
rizon ; and  therefore  he  is  faid  to  have  a rif^hc  po- 
sition of  the  Sphere.  And  thefe  three  are^^all  the 
different  ways  that  the  Sphere  can  be  pofited  to 
all  people  on  the  Earth. 


C H A P. 


64 


^he  Phenomena  of  the  Heavens  as  feen 


C H A P.  V. 

^he  Phenomena  of  the  Heavens  as  feen  from  different 
Parts  of  the  Solar  Syjiem. 

132.  QO  vaftly  great  is  the  diftance  of  theftarry 
O Heavens,  that  if  viewed  from  any  part  of 
the  Solar  Syftem,  or  even  many  nhillions  of  miles 
beyond  it,  the  appearance  would  be  the  very  fame 
to  us.  The  Sun  and  Stars  would  all  feem  to  be 
fixed  on  one  concave  furface,  of  which  the  fpedta- 
tor’s  eye- would  be  the  center.  But  the  Planets, 
being  much  nearer  than  the  Stars,  their  appear- 
ances will  vary  confiderably  with  the  Place  from 
which  they  are  viewed. 

133.  lf\he  fpcdator  is  at  reft  without  their 
Orbits,  the  Planets  will  feem  to  be  at  the  fame  dif- 
tance  as  the  Stars;  but  continually  changing  their 
places  with  reipedt  to  the  Stars,  and  to  one  ano- 
ther: afiuming  various  phafes  of  increafe  and  de- 
creafe  like  the  Moon ; and,  notwithftanding  their 
regular  motions  about  the  Sun,  will  fometimes 
appear  to  move  quicker,  fometimes  flower,  be  as 
often  to  the  weft  as  to  the  eaft  of-the  Sun  ; and  at 
their  greateft  diftances  feem  quite  ftationary.  The 
duration,  extent,  and  diftance,  of  thofe  points  in 
the  Heavens  where  thefe  digreflions  begin  and  end, 
would  be  more  or  lefs,  according  to  the  refpedlive 
diftances  of  the  feveral  Planets  from  the  Sun:  but 
. in  the  fame  Planet  they  would  continue  invari- 
ably the  fame  at  all  times;  like  pendulums  of  une. 
qual  lengths  ofcillating  together,  the  Ihorter  move 
quick  and  go  over  a fmall  fpace,  the  longer  move 
flow  and  go  over  a large  fpace.  If  the  obfervcr 
is  at  reft  within  the  Orbits  of  the  Planets  but  not 
near  the  commbn  center,  their  apparent  rnotions 
will  be  irregular,  but  left  fo  than  in  the  former 
cafe.  Piach  of  the  feveral  Planets  will  ap- 
pear bigger  and  left  by  turns,  as  they 
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nearer  to  or  recede  farther  from  the  obferver:  the 
neareft  varying  mod  in  their  fize.  They  will  alfo 
move  quicker  or  flov/er  with  regard  to  the  fixed 
Scars,  but  will  never  be  retrograde  or  dationary. 

134.  If  an  obferver  in  motion  views  the  HLea- 
vens,  the  fame  apparent  irregularities  will  be  ob- 
ferved,  but  with  fome  variation  refulting  from  his 
own  motion.  If  he  is  on  a Planet  which  has  a ro- 
tation on  its  i\.xis,  not  being  fenfible  of  his  own 
motion,  he  will  imagine  the  whole  Heavens,  Sun, 

Planets,  and  Stars,  to  revolve  about  him  in  the 
fame  time  that  his  Planet  turns  round,  but  the  con- 
trary way;  and  will  not  be  eafily  convinced  of  the 
deception.  If  his  Planet  moves  round  the  Sun, 
the  fame  irregularities  and  afpefts  as  above-men- 
tioned will  appear  in  the  motions  of  the  other  Pla- 
nets; and  the  Sun  will  feem  to  move  among  the 
fixed  Scars  or  Signs,  in  an  oppofite  diredion  to 
that  which  his  Planet  moves  in,  changing  its  place 
every  day  as  he  does.  In  a word,  v/hether  our 
obferver  be  in  motion  or  at  red,  whether  within 
or  without  the  Orbits  of  the  Planets,  their  motions 
will  feem  irregular,  intricate,  and  perplexed,  un- 
lefs  he  is  in  the  center  of  the  Sydem  ; and  from 
thence,  the  mod  beautiful  order  and  harmony 
will  be  feen  by  him. 

135.  The  Sun  being  the  center  of  all  thePlanets  The  Sun‘, 
motions,  the  only  place  from  which  their  motions  center  the 
could  be  truly  feen,  is  the  Sun’s  center;  where  the  from  whieV 
obferver  being  fuppofed  not  to  turn  round  with  the 

Sun,  (which,  in  this  cafe,  we  mud  imagine  to  be  a phe^r/the 
tranfparent  body,)  would  fee  all  the  Stars  at  red 
and  feemingly  equididant  from  hfm.  To  fuch  an  feem 
obferver,  thePlanets  would  appear  to  move  among 
the  fixed  Stars,  in  a fimple,  regular,  and  uniform 
manner:  only,  that  as  in  equal  times  they  deferibe 
equal  Areas,  they  would  deferibe  fpaces  fomewhat 

unequal, becaufetheymoveinellipticOrbits,§  135. 

■l  heir  motions  would  alfo  appear  to  be  what  they 
are  in  fad,  the  fame  way  round  the  Heavens  • im 
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paths  which  crofs  at  fmall  Angles  in  different  parts 
of  the  Heavens,  and  then  feparate  a little  from  one 
another,  § 20.  So  that,  if  the  Solar  Aftronomer 
fhould  make  the  Path  or  Orbit  of  any  Planet 
a ftahdard,  and  confider  it  as  having  no  obliquity, 

§ 201,  he  would  judge  the  paths  of  all  the  reft  to 
be  inclined  to  it  j each  Planet  having  one  half  of 
its  path  on  one  ftde,  and  the  other  half  on  the 
oppoftte  fide  of  the  ftandard  Path  or  Orbit.  And 
if  he  fliould  ever  fee  all  the  Planets  ftart  from  a 
conjuniftion  with  each  other*.  Mercury  would 
move  fo  much  fafter  than  Venus,  as  to  overtake  her 
again  (though  notin  the  fame  pointof  the  Heavens) 
in  a quantity  of  time  almoft  equal  to  145  of  our 
days  and  nights,  or,  as  we  commonly  call  them, 
Hatural  Days,  which  include  both  the  days  and 
nights:  Venus  would  move  fo  much  fafter  than 
the  Earth,  as  to  overtake  it  again  in  585  natural 
days  : the  Earth  fo  much  fafter  than  Mars’,  as  to 
overtake  him  again  in  778  fuch  days : Mars  fo 
m.uch  fafter  than  Jupiter,  as  to  overtake  him  again 
in  817  fuch  days  : and  Jupiter  fo  much  fafter  than 
Saturn,  as  to  overtake  him  again  i»‘7 236  days,  all 
of  our  time. 

Thejudg.  But  as  our  folar  Aftronomer  could  have  no 

fou/AQ^o-  idea  of  meafuring  the  courfes  of  the  Planets  by  our 
ZuH  ro  would  probably  take  the  period  of  Mer- 

babiymlk'a  cury,  wliicli  is  thequickeft  moving  Planet,  for  a 
coiKerning  naeafyi-g  to  compare  the  periods  of  the  others  by. 
and  balks  of  A-S  all  the  Stars  would  appear  quielcent  to  him,  he 
ihe  Planets.  never  think  that  they  had  any  dependancc 

upon  the  Sun  j but  would  naturally  imagine  that 
the  Planets  have,  becaufe  they  move  round  the 
Sun.  And  it  is  by  no  means  improbable,  that  he 

* Here  we  do  not  mean  fuch  a conjundlion,  as  that  th« 
nearer  Planet  (hould  bide  all  the  rell  from  the  obferyer’s  fight ; 
(for  that  would  be  impoffiblc,  unlefs  the  interfe<flions  of  all 
their  Orbits  were  coincident,  which  they  are  not.  Sec  § 21-) 
but  when  they  were  all  in  a linecrolTing  ihc  ftandard  Orbit  at 
Right  Angles. 
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Would  conclude  thofe  Planets,  whofe  Periods  are 
quickeft,  to  move  in  Orbits  proportionably  lefs 
than  thofe  do  which  make  flower  circuits.  But 
being  deftitute  of  a method  for  finding  their  Paral- 
laxes, or  more  properly  fpeaking,  as  they  could  have 
no  Parallax  to  him,  he  could  never  know  any  thing 
of  their  real  diftances  or  magnitudes.  Their  rela- 
tive diltances  he  might  perhaps  guefs  at  by  their 
periods,  and  from  thence  infer  fornething  of  truth 
concerningtheir  relative  bulks,  by  comparing  their 
apparent  bulks  with  one  another.  For  example, 

Jupiter  appearing  bigger  to  him  than  Mars,  he 
would  conclude  it  to  be  much  bigger  in  fadlj  be- 
caufe  it  appears  fo,  and  muft  be  farther  from  him, 
on  account  of  its  longer  period.  Mercury  and 
the  Earth  would  feem  much  of  the  fame  bulk ; but 
by  comparing  its  period  with  theEarth’s,  he  would 
conclude  that  the  Earth  is  much  farther  from  him 
than  Mercury,  and  confequently  that  it  muft  be 
really  bigger,  though  apparently  of  the  fame  bulk; 
and  fo  of  the  reft.  And  as  each  Planet  would 
appear  fomewhac  bigger  in  one  part  of  its  Orbic 
than  in  the  oppofite,  and  to  move  quickeft  when  it 
feems  biggeft,  the  obferver  would  be  at  no  lofs  to 
conclude  that  all  the  Planets  move  in  Orbits,  of  ' 
which  the  Sun  is  not  precifely  in  the  center. 

137.  The  apparent  magnitudes  of  the  Planets  ThePjane. 
continually  change  as  feen  from  the  Earth,  which  tarv  (T.otioiit 
demonftrates  that  they  approach  nearer  to  it,  and  uZtS' 
recede  farther  from  it  by  turns.  From  thefe  Phe- 
nomena,  and  their  apparent  motions  among  the 
btars,  they  feem  to  deferibe  looped  curves  \viiich 
never  return  into  themfelves,  Venus’s  path  ex- 
cepted. And  if  we  were  to  trace  out  all  their  ap- 
parent paths,  and  put  the  figures  of  them  together 

one  diagram,  they  would  appear  fo  anomalous 
and  confuled,  that  no  man  in  his  fenfes  could  be- 
le  ve  them  to  be  reprefentations  of  their  real  paths : 
put  would  immediately  conclude,  that  fuch  appa- 
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rent  irregularities  muft  be  owing  to  fome  Optic 
illufions.  And  after  a good  deal  of  enquiry,  he 
might  perhaps  be  at  a lofs  to  find  out  the  true 
caule  of  thefe  irregularities;  efpecially  if  he  were 
one  of  thofe  who  would  rather,  with  the  greateft 
juftice,  charge  frail  man  with  ignorance,  than  the 
Almighty  with  being  the  author  of  fuch  confufion. 

1 38.  Dr.  Long,  in  his  firft  volume  of  AJlronomjy 
has  given  us  figures  of  the  apparent  paths  of  all  the 
Planets,  feparately  from  Cassini;  and  on  feeing 
them  I firft  thought  of  attempting  to  trace  fome  of 
them  by  a machine  * that  fhews  the  motions  of  the 
Sun,  Mercury,  and  Venus,  the  Earth,  and  Moon, 
according  to  the  Copernican  hyfiem.  Having  taken 
off  the  Sun,  Mercury,  Venus,  I put  black-lead 
pencils  in  their  places,  with  the  points  turned  up- 
ward ; and  fixed  a circular  ftieet  of  pafte-board  fo, 
that  the  Earth  kept  conftantly  under  its  center  in 
going  round  the  Sun;  and  the  pafte-board  kept  its 
parallelifm.  Then,  preffing  gently  with  one  hand 
upon  the  pafte-board  to  make  it  touch  the  three 
pencils,  with  the  other  hand  I turned  the  winch 
that  moves  the  whole  machinery ; and  as  the  Earth, 
together  with  the  pencils  in  the  places  of  Mercury 
and  Venus,  had  their  proper  motions  round  the 
Sun’s  pencil,  which  kept  at  reft  in  the  center  of 
the  machine,  all  the  three  pencils  defcribed  a dia- 
gram, from  which  the  firft  Figure  of  the  third  Plate 
IS  truly  copied  in  a fmaller  fize.  As  the  Earth 
moved  round  the  Sun,  the  Sun’s  pencil  defcribed 
the  dotted  Circle  of  Months,  whilft  Mercury’s  pen- 
cil drew  the  curve  with  the  greateft  number  of 
loops,  and  Venus’s  that  with  the  feweft.  In  their 
inferior  conjunftions  they  come  as  much  nearer 
the  Earth,  or  within  the  Circle  of  the  Sun’s  appa- 
rent motion  round  the  Heavens,  as  they  go  bejmnd 
it  in  their  fuperior  conjunftions.  On  each  fide  or 
the  loops  they  appear  ftationary:  in  that  part  of 
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^achtoop  next  the  Earth  retrograde;  and  in  all 
•the  reft  of  their  paths  direft. 

If  Cajftni'%  Figures  of  the  paths  of  the  Sun,  Mer- 
cury, and  Venus,  were  put  together,  the  Figure  as 
above  traced  out  would  beexaflly  like  them.  It 
feprefents  the  Sun’s  apparent  motion  round  the 
Ecliptic,  which  is  the  fame  every  year;  Mercury’s 
motion  for  feven  years;  and  Venus’s  for  eight;  in 
.whichrimeMercury’spath  makes  23  loops, crofting 
itfelffomany  times,  and  Venus’s  only  five.  In  eight 
years  Venus  falls  fo  nearly  into  the  fame  apparent 
path  again,  as  to  deviate  very  little  from  it  in  fome 
ages;  but  in  what  number  of  years  Mercury  and 
•the  reft  of  the  Planets  would  defcribe  the  fame  vi- 
fible  paths  over  again,  I cannot  at  prefent  deter- 
mine. Having  finifhed  the  above  Figure  of  the 
paths  of  Mercury  and  Venus,  I put  the  Ecliptic 
round  them  as  in  the  -Dodlor’s  Book;  and  added 
the  dotted  lines  from  the  Earth  to  .the  Ecliptic  for 
Ihewing  Mercury’s  apparent  or  geocentric  motion 
therein  for  one  year;  in  which  time  his  path  makes 
three  loops,  and  goes  on  a little  farther;  which 
Jhews  that  he  has  three  inferior,  and  as  many  fupe- 
rior  conjundions  with  the  Sun  in  that  time;  and 
alfo  that  he  is  fix  times  ftationary,  and  thrice  retro- 
grade. Let  us  now  trace  his  motion  for  one  year 
in  the  Figure. 

Suppofe  Mercury  to  be  fetting  out  .from  ^ to- 
ward B (between  the  Earth  and  left-hand  corner 
of  the  Plate)  and  as  feen  from  the  Earth,  his  motion  Fig.  i, 
will  then  be  dire6t,  or  according  to  the  order  of 
the  Signs.  But  when  he  comes  to  B,  he  appears 
to  ftand  ftill  in  the  23d  degree  of  ni  at  F,  as  fhewn 
y the  line  BF.  While  he  goes  from  B to  C,  the 
Jine  FF,  luppofed  to  move  with  him,  goes  back- 
ward from  F to  F,  or  contrary  to  the  order  of 
igns ; and  when  he  is  at  C,  he  appears  ftationary 
at  t ; having  gone  back  1 1 \ degrees.  Now,  fuppofe 
ftationary  on  the  firft  of  January  at  C,  on  the 
xoth  of  that  month  he  will  appear  in  the  Heavens 
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as  at  20,  near  Fj  on  the  20th  he  will  be  feen  as 
at  G j on  the  31ft  at  //j  on  the  loth  of  February 
at  / ; on  the  20th  at  K\  and  on  the  28th  at  L; 
as  the  dotted  lines  fhew,  which  are  drawn  through 
every  tenth  day’s  motion  in  his  looped  path,  and 
continued  to  the  Echptic.  On  the  loth  of  March 
he  appears  at  M-,  on  the  20th  at  iV  j and  on  the 
31ft  at  O.  On  the  loth  of  Jpril  he  appears  fta- 
tionary  at  Pj  on  the  -20th  he  leems  to  have  gone 
back  again  to  O ; and  on  the  30th  he  appears  fla- 
tionary at  having  gone  back  iif  degrees. 
Thus  Mercury  feems  to  go  forward  4 Signs  1 1 De- 
grees, or  131  Degrees*,  and  to  go  back  only  1 1 or 
12  Degrees,  at  a mean  rate.  From  the  3cth  of 
Jpril  to  the  loth  of  May^  he  feems  to  move  from 
^toPj  and  on  the  20th  he  is  feen  at  going 
forw'ard  in  the  fame  manner  again,  according  to 
the  order  of  letters  j and  backward  when  they  go 
back;  which  it  is  needlefs  to  explain  any  farther, 
as  the  reader  can  trace  him  out  lb  eafily,  through 
the  reft  of  the  year.  The  fame  appearances  hap- 
pen in  Venus’s  motion;  but  as  flie  moves  flower 
than  Mercury,  there  are  longer  intervals  of  time 
between  them. 

Having  already,  § 120,  given  fome  account  of 
the  apparent  diurnal  motions  of  the  Heavens  as 
feen  fromi  the  different  Planets,  we  fliall  not 
trouble  the  reader  any  more  with  that  fubjedl. 

CHAP.  VI. 

^he  Ptolemean  Syjiem  refuted.  Fhe  Motions  and 
Phafes  of  Mercury  and  Venus  explained. 

139.  ry^HE  Fychonic  Syftem,  % 97,  being  fuffi- 
I ciently  refuted  by  the  109th  Article, 
vve  fhall  fay  nothing  more  about  it, 

140.  The  Ptolemean  SyJiejn,  § 96,  which  afferts 
the  Earth  to  be  at  reft  in  the  Center  of  the  Uni- 
verfe,  and  all  the  Planets  with  the  Sun  and  Stars 

to  move  round  it,  is  evidently  falfe  and  abfurd. 

' P'or 
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For  if  this  hypothefis  were  true,  Mercury  and 
Venus  could  never  be  hid  behind  the  Sun,  as  their 
Orbits  are  included  within  the  Sun’s  : and  again, 
thefe  two  Planets  would  always  move  dired,  and 
be  as  often  in  Oppofition  to  the  Sun  as  in  Con- 
jundion  with  him.  But  the  contrary  of  all  this 
is  true  : for  they  are  juft  as  often  behind  the  Sun 
as  before  him,  appear  as  ofttm  to  move  backward 
as  forward,  and  are  fo  far  from  bieing  feen  at  any 
time  in  the  fide  of  the  Heavens  oppofite  to  the 
Sun,  that  they  were  never  feen  a quarter  of  a cir- 
cle in  the  Heavens  diftant  frodi  him. 

14 1.  Thefe  two  Planets,  when  wiewed  at  dif-  Appearan- 
ferent  times  with  a good  telefcope,  appear  in  all 
the  various  fhapes  of  the  Moon  j which  is  a plain  Veims. 
proof  that  they  are  enlightened  by  the  Sun,  and 
Ihine  not  by  any  light  of  their  own  ; for  if  they 
did,  they  would  conftantly  appear  round  as  the 
Sun  doesj  and  could  never  be  feen  like  dark  fpots 
upon  the  Sun  when  they  pafs  diredly  between  him 
and  us.  Their  regular  Phafes  demonftrate  them 
to  be  fpherical  bodies ; as  may  be  ftiewn  by  the 
following  experiment: 

Hang  an  ivory  ball  by  a thread,  and  let  any  Experiment 
perfon  move  it  round  the  flame  of  a candle,  at  \lfZl 
two  or  three  yards  diftance  from  your  eyej  when  rouLV* 
the  ball  is  beyond  the  candle,  fo  as  to  be  almoft 
hid  by  the  flame,  its  enlightened  fide  will  be  to- 
ward you,  and  appear  round  like  the  Full  Moon  : 
when  the  ball  is  between  you  and  the  candle,  its 
enlightened  fide  will  difappear,  as  the  Moon  does 
at  the  Change  : when  it  is  half  way  between  thefe 
two  pofitions,  it  will  appear  half  illuminated,  like 
the  Moon  in  her  Quarters:  but  in  every  other 
place  between  thefe  pofitions,  it  will  appear  more 
or  lefs  horned  or  gibbous.  If  this  experiment  be 
made  with  a flat  circular  plate,  you  may  make  it 
appear  fully  enlightened,  or  not  enlightened  at 
all ; but  can  never  make  it  feem  either  horned 
or  gibbous. 

F 4 


142.  If 


72 

plate  II, 

Experiment 
to  reprefcnt 
the  motions 
of  Mercury 
<ind  Venus. 


Fig.  nr. 


The  Elon- 
pi^ions  or 
Digreffions 
of  Mercury 
from  the 
Sufi, 


‘itbe  Phenomena  of  the  inferior  Planets. 

142.  If  you  remove  about  fix  or  feven  yards 
from  the  candle,  and  place  yourfelf  fo  that  its 
flame  may  be  juft  about  the  height  of  your  eye, 
and  then  defire  the  other  perfon  to  move  the  ball 
flowly  round  the  candle  as  before,  keeping  it  as 
near  of  an  equal  height  with  the  flame  as  he  pofli- 
bly  can,  the  ball  will  appear  to  you  not  to  move 
in  a circle,  but  to  vibrate  backward  and  forward 
like  a pendulum,  moving  quickeft  when  it  is  di- 
redtly  between  you  and  the  candle,  and  when  di- 
redtly  beyond  it;  %#rd  gradually  flower  as  it  goes 
farther  tq  the  righi;  or  left  fide  of  the  flame,  until 
it  appears  at  the  greateft  diftance  from  the  flame ; 
and  then,  though  it  continues  to  move  with  the 
fame  velocity,  it  vyill  feem  to  ftand  ftill  for  a mo- 
ment. In  every  Revolution  it  will  fliew  all  the 
above  Phafes,  § 141  ; and  if  two  balls,  a fmaller 
and  a greater,  be  moved  in  this  manner  round  the 
candle,  the  fmaller  ball  being  kept  nearefl:  the 
flame,  and  carried  round  almofl  three  times  as 
often  as  the  greater,  you  will  have  a tolerable  good 
reprefentation  of  the  apparent  Motions  of  Mercury 
and  Venus;  elpecially  if  the  bigger  ball  defcnbes 
a circle  almoft  twice  as  large  in  diameter  as  the 
circle  defcribed  by  the  leflTer. 

T43.  l^tiABCDE  be  a part  or  fegment  of  the 
vifible  Heavens,  in  which  the  Sun,  Moon,  Planets, 
and  Stars,  appear  to  move  at  the  fame  diftance  from 
the  Earth  E.  For  there  are  certain  limits,  beyond 
which  the  eye  cannot  judge  of  different  diftances  ; 
as  is  plain  from  the  Moon’s  appearing  to  be  as 
far  from  us  as  the  Sun  and  Stars  are.  Let  the 
fghiklmno  be  the  Orbit  in  which  Mercury  nn 
moves  round  the  Sun  6',  according  to  the  order 
of  the  letters.  When  Mercury  is  at/^,  he  difap- 
pears  to  the  Earth  at  E,  becaufe  his  enlightened 
fide  is  turned  from  it;  unlels  he  be  then  in  one  of 
his  Nodes,  § 20.  25  ; in  which  cafe  he  will  appear 
like  a dark  fpot  upon  the  Sun.  When  he  is  at  g 
in  his  Orbit,  he  appears  at  B in  the  Heavens  weft^ 
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ward  of  the  Sun  5,  which  is  feen  at  C : when  at 
he  appears  ztA,  at  his  greateft  weftern  elongation 
or  diltance  from  the  Sun ; and  then  feems  to  (land 
ilill.  Bur,  as  he  moves  from  h to  /,  he  appears  to 
go  from  Aio  B -y  and  feems  to  be  in  the  fame  place 
when  at  i,  as  when  he  was  at  but  not  near  fo 
big:  at  k he  is  hid  from  the  Barth  E by  the  Sun 
S-,  being  then  in  his  fuperior  Conjunftion.  In 
going  from  k to  /,  he  appears  to  move  from  C to 
D -,  and  when  he  is  at  he  appears  ftationary  at£; 
being  feen  as  far  eafl:  from  the  Sun  then,  as  he  was 
weft  from  it  2lZ  A.  In  going  from  n to  o in  his 
Orbit,  he  feems  to  go  back  again  in  the  Pleavens, 
from  E X.0  D \ and  is  feen  in  the  fame  place  (with 
refpedt  to  the  Sun)  at  d?,  as  when  he  was  at  /;  but 
of  a larger  diameter  at  o,  becaufe  he  is  then  nearer 
the  h.arth  E:  and  when  he  comes  to/,  he  again 
pafles  by  the  Sun,  and  difappears  as  before.  In 
going  from  n xo  h in  his  Orbit,  he  feems  to  go 
backward  in  the  Heavens  from  E to  A-,  and  in 
going  from  h to  n,  he  feems  to  go  forward  from 
A to  Ey  as  he  goes  on  from /,  a little  of  his  en- 
lightened fide  at  g is  feen  from  E-,  at  he  appears 
half  full,  becaufe  half  of  his  enlightened  fide  is 
feen  ; at  i,  gibbous,  or  more  than  half  full;  and 
at  k he  would  appear  quite  full,  were  he  not  hid 
from  the  Earth  E by  the  Sun  S.  At  / he  appears 
gibbous  again  : at  n half  decreafed,  at  o horned, 
and  at  f new  like  the  Moon  at  her  Change.  He 
goes  fooner  from  his  eaftern  ftation  at  n to  his 
weftern  ftation  at  h,  than  from  h to  n again  ; be- 
caufe  he  goes  through  Ids  than  half  his  Orbit  in 
the  former  cafe,  and  more  in  the  latter. 

144.  In  the  fame  Figure,  let  FGHIKLMNht 
the  Orbit  in  which  Venus  v goes  round  the  Sun  Sj 
according  to  the  order  of  the  letters  : and  let  E 
be  the  Earth  as  before.  When  Venus  is  at  A,  (he 
js  in  her  inferior  Conjunftion  ; and  difappears  like 
the  New  Moon,  becaufe  her  dark  fide  is  toward 
Ihe  Earth,  At  G,  ftie  appears  half  enlightened 

to 
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to  the  Earth,  like  the  Moon  in  her  firft  quarter  : 
at  H,  file  appears  gibbous ; at  I,  almoft  full ; her 
enlightened  fide  being  then  nearly  towards  the 
Earth  : at  K flie  would  appear  quite  full  to  the 
Earth  E j but  is  hid  from  it  by  the  Sun  S:  at  L, 
fhe  appears  upon  the  decreafe,  or  gibbous;  at 
more  lb;'  at  N,  only  half  enlightened;  and  at  F, 
fhe  difappears  again.  In  moving  from  N to  G, 
(lie  Teems  to  go  backward  in  the  Heavens;  and 
from  G to  TV,  forward  ; but  as  fhe  defcribes  a 
much  greater  portion  of  her  Orbit  in  going  from 
G to  N,  than  from  IS!  to  G,  fhe  appears  much 
longer  direft  than  retrograde  in  her  motion.  At  M 
and  G flie  appears  ftationary  ; as  Mercury  does  at 
71  and  h.  Mercury,  when  ftationary,  feems  to  be 
only  28  degrees  from  the  Sun  ; and  Venus  when 
To,  47  ; which  is  a demonftration  that  Mercury’s 
Orbit  is  included  within  Venus’s,  and  Venus’s 
within  the  Earth’s. 

145.  Venus,  from  her  fuperior  Conjun6lion  at 
X to  her  inferior  Conjunftion  at  F,  is  feen  on  the 
eaft  fide  of  the  Sun  S from  the  Earth  F;  and  there- 
fore fhe  fhines  in  the  Evening  after  the  Sun  fets, 
and  is  called  the  Evening  Star:  for,  the  Sun  being 
then  to  the  weft’.vard  of  Venus,  he  muft  fet  firft. 
From  her  inferior  Conjunftion  to  her  fuperior, 
file  appears  on  the  weft  fide  of  the  Sun  ; and  there- 
fore rifes  before  him,  for  which  reafon  fhe  is  called 
the  Morning  Star.  When  fhe  is  about  TV  or  G, 
file  fliines  fo  bright,  that  bodies  call  fhadows  in 
the  night-time. 

146^  If  the  Earth  kept  always  at  F,  it  is  evi- 
dent that  the  ftationary  places  of  Mercury  and 
Venus  would  always  be  in  the  fame  points  of  the 
Heavens  where  tliey  were  before.  I‘or  example, 
whilft  Mercury  m goes  from  h tow,  according  to 
the  order  of  the  letters,  he  appears  to  defcribe  the 
arc  ABODE  the  Heavens,  direft  : and  while 
he  rroes  from  n to  h,  he  feems  to  defcribe  the  fame 
arclaack  again,  from  F to  A,  retrograde;  always 
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at  n and  h he  appears  ftationary  at  the  fame  points 
JL  and  A as  before.  But  Mercury  goes  round  his 
Orbit,  from /to/again,  in  88  days;  and  yet  there 
are  1 16  days  from  any  one  of  his  Conjundlions,  or 
apparent  Stations,  to  the  fame  again  : and  the 
places  of  thefeConjundlions  and  Stations  are  found 
to  be  about  1 14  degrees  eaftward  from  the  points 
of  the  Heavens  where  they  were  laft  before;  which 
proves  that  the  Earth  has  nor  kept  all  that  time  at 
£,  but  has  had  a progreffive  motion  in  its  Orbit 
from  E to  t.  Venus  alfo  differs  every  time  in  the 
places  of  her  Conjunftions  and  Stations;  but  much 
more  than  Mercury;  becaufe,  as  Venus  defcribes 
a much  larger  Orbit  than  Mercury  does,  the  Earth 
advances  fo  much  the  farther  in  its  annual  path  be- 
fore Venus  comes  round  again. 

147.  As  Mercury  and  Venus,  feen  from  the 
Earth,  have  their  refpeCtive  Elongations  from  the 
Sun,  and  ftationary  places  ; fo  has  the  Earth,  feen 
from  Mars ; and  Mars,  feen  from  Jupiter;  and 
Jupiter,  feen  from  Saturn.  That  is,  to  every  fupe- 
rior  Planet,  all  the  inferior  ones  have  their  Sta- 
tions and  Elongations ; as  Venus  and  Mercury 
have  to  the  Earth.  As  feen  from  Saturn,  Mer- 
cury never  goes  more  than  i\  Oegrees  from  the 
Sun;  Venus  4j;  the  Earth  6;  Mars  9!  ; and  Ju- 
piter  33d;  fo  that  Mercury,  as  feen  from  the 
Earth,  has  almoft  as  great  a Digrefiion  or  Elon- 
gation from  the  Sun,  as  Jupiter  feen  from  Saturn. 

148.  BecaufetheEarth’sorbit  is  included  with- 
in the  Orbits  of  Mars,  Jupiter,  and  Saturn,  they 
are  feen  on  all  fides  of  the  Eleavens;  and  are  as 
often  in  Oppofition  to  the  Sun  as  in  Conjunaion 
with  him.  If  the  Earth  ftood  ftill,  they  would 
always  appear  dire^  in  their  motions;  never  retro- 
grade nor  ftationai y.  But  they  feem  to  go  juft  as 
often  backward  as  forward;  which,  if  gravity  be 
allowed  to  exift,  affords  a fuffident  proof  of  the 
Earth’s  annual  motion:  and  without  itsexiftence, 
the  Planets  could  never  fall  from  the  tangents  of 
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their  Orbits  toward  the  Sun,  nor  could  a ftone,, 
which  is  once  thrown  up  from  the  earth,  ever  fall 
to  the  earth  anrain. 

O 

149.  As  Venus  and  the  Earth  are  fuperior  Pla- 
nets to  Mercury,  they  fhew'much  the  fame  Appear- 
ances to  him  that  Mars  and  Jupiter  do  to  us.  Let 
Mercury  m be  at  f Venus  v at  A,  and  th«  Earth 
at  A j in  which  fituation  Venus  hides  the  harth 
from  Mercury  i but,  being  in  oppofition  to  the 
Sun,  fhe  fhines  on  Mercury  with  a full  illumined 
Orb  ; though,  with  refpetl;  to  the  Earth,  Ihe  is  in 
conjundlion  with  the  Sun,  and  invifible.  When 
Mercury  is  at/,  and  Venus  at  G,  her  enlightened 
iide  not  being  diredtly  toward  him,  fhe  appears  a 
little  gibbous  j as  Mars  does  in  a like  fituation  to 
us:  but,  when  Venus  is  at/,  her  enlightened  fide 
is  fo  much  toward  Mercury  at/  that  fhe  appears 
to  him  almoft  of  a round  figure..  At  //,  Venus  dif- 
appears  to  Mercury  at  /,  being  then  hid  by  the 
Suni  as  well  as  ail  our  fuperior  Planets  are  to  us, 
when  in  conjun6lion  with  the  Suq.  When  Venus 
has,  as  it  were,  emerged  our  of  the  Sun-beams,  as 
at  A,  fhe  appears  almoft  full  to  Mercury  at/;  at 
M and  N,  a little  gibbous;  quite  full  at  A,  and 
Jargeftof  all  ; being  then  in  oppofition  to  the  Sun, 
and  confequently  neareft  to  Mercury  at  A;  fliining 
ftrong.ly  on  him  in  the  night,  becaufe  her  difiance 
from  him  then  is  fomevdiat  lefs  than  a fifth  part  of 
her  diftance  from  the  Earth,  when  fhe  appears 
roundeft  to  it  between  / and  K,  or  between  K and 
X,  as  feen  from  the  Earth  E,  Confequently,  when 
Venus  is  oppofite  to  the  Sun  as  feen  from  Mercury, 
fhe  appears  more  than  25  times  as  large  to  him  as 
fhe  does  to  us  when  at  the  fullcft.  Our  cafe  is  al- 
moft fimiiar  with  reipecl  to  Mars,  when  he  is  op- 
pofite to  the  Sun;  becaufe  he  is  then  fo  near  the 
Eiarth,  and  has  his  whole  enlightened  fide  to- 
ward it.  Bur,  becaufe  the  Orbits  of  Jupiter  and 
Saturn  are- very  large  in  proportion  to  the  Earth  s 
Orbit,  thefe  two  Planets  appear  much  lefs  magnj- 
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fled  at  their  Oppofitions,  or  diminifhed  at  their  plate ii, 
Conjunftions,  than  Mars  does,  in  proportion  to 
their  mean  apparent  Diameters. 

CHAP.  VII. 

The  phyfical  Caufes  of  the  Motions  of  the  Planets. 

The  Eccentricities  of  their  Orbits.  The  Times  in 
‘ivhich  the  Ahlion  of  Gravity  would  bring  them  to 
the  Sun.  Archimedes^  ideal  Problem  for 
moving  the  Earth.  The  World  not  eternal. 

150.  T^ROM  the  uniform  projeftile  motion  of  Gravitation 
X/  bodies  in  ftraight  lines  and  the  univerfal 
power  of  attraftion  which  draws  them  oIFfrom  thefe  Fig'iv. 
lines,  the  curvilineal  motions  of  all  the  Planets 
arife  If  the  body  A be  projefled  along  the  right 
Wnc  ABX^  in  open  Space,  where  it  meets  with  no 
refinance,  and  is  not  drawn  afide  by  any  other 
power,  it  will  for  ever  go  on  with  the  fame  ve- 
locity, and  in  the  fame  direftion.  For,  the  force 
which  moves  it  from^  to  B in  any  given  time,  will  circular 
Carry  it  from  B to  AT  in  as  much  more  time,  and  °^'***®’ 
lo  on,  there  being  nothing  to  obftru6l  or  alter  its 
motion.  But  if,  when  this  proje6lile  force  has  car- 
ried it,  fuppofe  to  5,  the  body  S begins  to  attract 
it,  with  a power  duly  adjufted,  and  perpendicular 
to  its  motion  at  B,  it  will  then  be  drawn  from  the 
Fraight  line  ABX,  and  forced  to  revolve  about  .S' 
in  the  circle  BTTU.  When  the  body  A comes  to  Fig,  iv, 

U,  or  any  otherpart  of  its  Orbit,  if  the  fmall  body 
u,  within  the  fphere  of  C/'s  attradion,  be  projeded 
as  in  the  right  line  Z,  with  a force  perpendicular 
to  the  attradion  of  C/,  then  u will  go  round  U in 
the  Orbit  W , and  accompany  it  in  its  whole  courfe 
round  the  body  S.  Here  S may  reprefent  the  Sun, 

U the  Earth,  and  u the  Moon. 

1 5 1.  If  a planet  at  5 gravitates,  or  is  attraded, 
toward  the  Sun,  fo  as  to  fall  from  Bioy\n  the 

time 
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time  that  the  projeftile  force  would  have  carried  ic 
from  B to  X,  it  will  defcribe  the  curve  BI'  by  the 
combined  action  of  thefe  two  forces,  in  the  fame 
time  that  the  projedile  force  fingly  would  have 
carried  it  from  B to  Jf,  or  the  gravitating  power 
fingly  have  caufed  it  to  defcend  from  B to^;  and 
thefe  two  forces  being  duly  proportioned,  and  per- 
pendicular to  each  other,  the  Planet  obeying 
them  both  will  move  in  the  circle  BTTU*. 

1 52.  But  if,  while  theprojedile  force  would  carry 
the  Planet  from  B to  b,  the  Sun’s  attradion  (which 
conflitiites  thePlanet’s  gravitation) fhould  bring  ic 
down  from  5 to  i,  the  gravitating  power  would 
then  be  too  (Irong  for  the  projedile  force  j and 
would  caufe  the  Planet  to  defcribe  the  curve  BC, 
Oi'bUs”*  WhenthePlanetcomesto  C,  the  gravitating  power 
(which always  increafes  as thefquareof  thediftance 
from  the  Sun  S diminifhes)  will  be  yet  ftronger  for 
the  projedile  force;  and  by  confpiring  in  fome  de- 
cree therewith,  will  accelerate  the  Planet’s  motion 
all  the  way  from  Cto  /f;  caufing  it  to  defcribe  the 
arcs  5C,  CD,  DD,  EF,  See.  all  in  equal  times. 
Having  its  motion  thus  accelerated,  ic  thereby 
gains  fo  much  centrifugal  force,  or  tendency  to  fly 
off  at  K in  the  line  Kk,  as  overcomes  the  Sun’s  at- 
tradion : and  the  centrifugal  force  being  too  great 
to  allow  the  Planet  to  be  brought  nearer  the  Sun, 
or  even  to  move  round  him  in  the  circle  Klmn,  Sec. 
it  goes  off,  and  afeends  in  the  curve  KLMN,  Sec. 
its  motion  decreafing  as  gradually  from  K to  By 
as  it  increafed  from  B to  if,  becaufe  the  Sun’s  at- 
tradion now  ads  againfl  the  Planet’s  projedile  mo- 
tion juft  as  much  as  it  aded  with  it  before.  When 
the  Planet  has  got  round  to  B,  its  projedile  force 
is  as  much  dimiaifhed  from  its  mean  flate  about  G 

• To  make  the  prcjcdile  force  balance  the  gravitating  power 
fo  exadliy  as  that  the  body  may  move  in  a Circle,  the  projec- 
tile velocity  of  the  body  mult  be  luch  as  it  would  have  ac- 
quired by  gravity  alone  in  failing  through  half  the  radius  of 
the  circle. 


or 


The  Planets  Motions, 


or  iV",  as  ic  was  augmented  at  K j and  fo,  the  Sun’s  plate  ii- 
attradion  being  more  than  fufficient  to  keep  the 
Planet  from  going  off  at  jB,  it  defcribes  the  fame 
Orbit  over  again^  by  virtue  of  the  fame  forces  or 
powers. 


153.  A double  projedile  force  will  always  ba- 
lance aquadruple  power  of  gravity.  Let  ihePlanec 
at  E have  twice  as  great  an  impulfe  from  thence 
toward  X,  as  it  had  before  j that  is,  in  the  fame 
length  of  time  that  it  was  projeded  from  B to 

as  in  the  laft  example,  let  it  now  be  projed;ed 
from  B to  c and  it  will  require  four  times  as 
much  gravity  to  retain  it  in  its  Orbit;  that  is,  ic 
muft  fall  as  far  as  from  5 to  4 in  the  time  that 
the  projedile  force  would  carry  it  from  B to  c i 
otherwife  it  could  not  defcribe  the  curve  BB,  as 
is  evident  by  the  Figure.  But,  in  as  much  time 
as  the  Planet  moves  from  5 to  C in  the  higher 
part  of  its  Orbit,  it  moves  from  I to  X,  or  from  X 
to  L,  in  the  lower  part  thereof;  becaufe,  from  the 
joint  adion  of  thefe  two  forces,  ic  muft  always  de- 
fcribe equal  Areas  in  equal  times,  throughout  its 
annual  courle.  Thefe  Areas  are  reprefented  by  the 
triangles  BSCjCSD,  BSE,  ESFy  &c.  whofe  contents 
are  equal  to  one  another,  quite  round  the  Figure. 

154.  As  the  Planets  approach  nearer  the  Sun, 
and  recede  farther  from  him,  in  every  Revolution  ] 
there  may  be  fome  difficulty  in  conceiving  the  real 
fon  why  the  power  of  gravity,  when  it  once  gets 
the  better  of  the  projedile  force,  does  not  brino- 
the  i lanets  nearer  and  nearer  the  Sun  in  every  Re- 
volution, till  they  fall  upon  and  unite  with  him;  or 
why  the  projedile  force,  when  it  once  gets  the 

not  carry  the  Planers  farther 
nnr  Sun,  till  it  removes  them  quite 

out  of  the  fphereof  his  attradion,  and  caufes  them 
to  go  on  in  ftraight  lines  forever  afterward.  But  bv 
•confidering  the  effeds  of  thefe  powers  as  defcribed 
in  the  two  laft  Articles,  this  difficulty  will  be  re- 
moved. 


Fig.  IV. 

Ths  Planets 
oefcribe 
equal  Areal 
in  equal 
times. 


A difficulty 
reinuved. 
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moved.  Suppofe  a Planet  at  B to  be  carried  by  f 
the  projectile  force  as  far  as  from  B to  b,  in  the 
time  that  gravity  would  have  brought  it  down  from 
5 to  I ; by  thefe  two  forces  it  will  defcribe  the 
curve  BC.  When  the  Planet  comes  down  to  K,  it 
•will  be  but  half  as  far  from  the  Sun  S as  it  was  at 
B j and  therefore,  by'gravitating  four  times  as 
ftrongly  towards  him,  it  would  fall  from  K to  Vm 
the  fame  length  of  time  that  it  would  have  fallen 
from  5 to  i in  the  higher  part  of  its  Orbit,  that  is, 
through  four  times  as  muchfpare;  butits  projeCtile 
force  is  then  fo  much  increafed  aiif,  as  would  carry 
it  from  X”  to  in  the  fame  time  ; being  double  of 
what  it  was  at  B,  and  is  therefore  too  ftrong  for  the 
gravitating  power,  either  to  draw  the  Planet  to  the 
Sun,  or  caufe  it  to  go  round  him  in  the  circle 
&c.  which  would  require  its  falling  from  K to  w, 
through  a greater  fpace  than  gravity  can  draw  it, 
while  the  projeCtile  force  is  fuch  as  would  carry  it 
from  K to  k:  and  therefore  the  Planet  afcends  in 
its  Orbit  KLMN,  decreafing  in  its  velocity  for 
the  caufes  already  affigned  in  § 152. 

The  Plane-  j r r The  Orbits  of  all  the  Planets  are  Ellipfes, 
ImpSat'  very  little  different  from  Circles ; but  the  Orbits  of 
the  Comets  are  very  long  Ellipfes ; and  the  lower 
focus  of  them  all  is  in  the  Sun.  If  we  fuppofe  the 
mean  diftance  (or  middle  between  the  greateft  and 
leaft)  of  every  Planet  and  Comet  from  the  Sun  to 
Their  ex-  be  divided  into  1000  ecjual  parts,  theExcentricities 
cemr;chies.  Qrbits,  botli  in  fuch  parts  and  in  Englijh 

miles,  will  be  as  follow  : Mercury’s,  210  parts,  or 
6,720,000  miles;  Venus’s,  7 parts,  or  413,000 
miles;  the  Earth’s,  17  parts,  or  1,377,000  miles; 
Mars’s,  93  parts,  or  x Jupiter  s, 

48  parts,  or  20,353,000  miles;  Saturn’s,  55  parts, 
or  42,735,000  miles.  Of  the  neareft  of  the  three 
forementioned  Comets,  i ,458,000  miles ; of  the 
middlemofl,  2,025,000,000  miles ; and  oftheout- 
ermon:,  6,600,000,000, 
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156.  By  the  above-mentioned  law,  § x^o^Jeq, 

bodies  will  move  in  all  kinds  of  Elliples,  whether  cient  foe 
long  or  fhort,  if  the  fpaces  they  move  in  be  void  . 

of  refiftance.  Only  thofe  which  move  in  the  longer  cular  and 
Ellipfes  have  fo  much  the  lefs  projedlile  force  im- 
prelTed  upon  them  in  the  higher  parts  of  their 
Orbits  j and  their  velocities,  in  coming  down  to- 
wards the  Sun,  are  fo  prodigioufly  increafed  by  his 
attraftion,  that  their  centrifugal  forces  in  the  lower 

parts  of  their  Orbits  are  fo  great,  as  to  overcome 
theSun’s  attra6liorrthere,and  caufe  them  to  afeend 
again  towards  the  higher  parts  of  their  Orbits ; 
during  which  time,  the  Sun’s  attradlion  adting  fo 
contrary  to  the  motions  of  thofe  bodies,  caufes 
them  to  move  flower  and  flower,  until  their  pro- 
jedile  forces  are  diminiflied  almoft  to  nothing; 
and  then  they  are  brought  back  again  by  the 
Sun’s  attradlion,  as  before. 

157.  If  the  projedlile  forces  of  all  the  Planets  i„  ^hat 
and  Comets  were  deftroyed  at  their  mean  diftances  times  the 
from  the  Sun,  their  gravities 'would  bring  them  widd'kii 
down  fo,  as  that  Mercury  would  fall  to  the  Sun  in  t°'heSun 
15  days  13  hours;  Venus  in  39  days,  17  hours ; Sowt'of 
the  Earth  or  Moon  in  64  days  10  hours;  Mars  in 

121  days;  Jupiter  in  290  ;' and  Saturn  in  767.' 

The  neareft  Comet  in  13  thoufand  days;  the  mid- 
dlemofl  in  23  thoufand  days;  and  the  outermoft 
m 66  thoufand  days.  The  Moon  would  fall  to  the 
Earth  in  4 days  20  hours;  Jupiter’s  firfl:  Moon 
would  fall  to  him  in  ,7  hours,  his  fecond  in  15,  his 
third  in  30,  and  his  fourth  in  71  hours.  Saturn’s 
firft  Moon  would  fall  to  him  in  8 hours,  his  fecond 
in  12,  his  third  in  19,  his  fourth  in  68  hours,  and 
his  fifth  in  336.  A ftone  would  fall  to  the  Earth*s 
center,  if  there  were  a hollow  palTage,  in  21  mi- 
nut«  9 feconds.  Mr.  Whiston  gives  the  follow- 
ing Rule  for  fuch  Computations : “ * It  is  demon- 
rable,  that  half  the  Period  of  any  Planet,  when 
It  is  diminiflied  in  the  fefquialteral  proportion  of 
* Aftronomical  Principles  of  Religion,  p. 
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the  number  i to  the  number  2,  or  nearly  in  the 
proportion  of  loco  to  2828,  is  the  time  that  it 
■would  fall  to  the  center  of  its  Orbit.  This  pro- 
portion is,  when  a quantity  or  number  contains  an- 
other once  and  a half  as  much  more. 


The  prodi- 
gious attrac- 
tion of  the 
Sun  and 
Planets. 


Ar  CHI- 
M KUEs'e 

Problem  for 
raif  ng  the 
Earth, 


158.  The  quick  motions  of  the  Moons  of  Jupi- 
ter and  Saturn  round  their  Primaries,  demonftratc 
that  thefe  two  Planets  have  ftronger  attradlive 
pow'ers  than  the  Earth  has.  For  the  ftronger 
that  one  body  attradls  another,  the  greater  muft 
be  the  projedile  force,  and  confequently  the 
quicker  muft  be  the  motion  of  that  other  body  to 
keep  it  from  falling  to  its  primary  or  central  Pla- 
net. Jupiter’s  fecond  Moon  is  124  thoufand 
miles  farther  from  Jupiter  than  our  Moon  is  from 
us;  and  yet  this  fecond  Moon  goes  almoft  eight 
times  round  Jupiter  whilft  our  Moon  goes  only 
once  round  the  Earth.  What  a prodigious  at- 
traftive  power  muft  the  Sun  then  have,  to  draw 
all  the  Planets  and  Satellites  of  theSyftem  towards 
him ! and  what  an  amazing  power  muft  it  have  re- 
quired to  put  all  thefe  Planets  and  Moons  into 
fuch  rapid  motions  at  firft ! Amazing  indeed  to  us, 
becaufe  impoffible  to  be  effefted  by  the  ftrength 
of  all  the  living  Creatures  in  an  unlimited  number 
of  Worlds;  but  no  ways  hard  for  the  Almighty, 
whofe  Planetarium  takes  in  the  whole  Univerfe! 

159.  The  celebrated  Archimedes  affirmed  he 
could  move  the  Earth,  if  he  had  a place  at  a dif- 
tance  from  it  to  ftand  upon  to  manage  his  ma- 
chinery *.  This  aflertion  is  true  in  Theory,  but, 
upon  examination,  will  be  found  abfolutely  im- 
poffible'in  fa6t,  even  though  a proper  place  and 
materials  of  fufficient  ftrength  could  be  had. 

The  fimpleft  and  eafieft  method  of  moving  a 
heavy  body  a little  way  is  by  a lever  or  crow,  where 
a fmall  weight  or  power  applied  to  the  long  arm 


* Ac?  r^>  x-ociMi!  *iv,|o-w,  /.  e. 

Hand  on,  and  I fliall  move  the  Earth. 

‘5 


Give*  me  a place  to 
will 
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will  raife  a great  we^ght  on  the  fliort  one.  But 
then  the  fmall  weight  muft  move  as  much  quicker 
than  the  great  weight,  as  the  latter  is  heavier  than 
the  former;  and  the  length  of  the  long  arm  of  the 
lever  mull  be  in  the  fame  proportion  to  the  length 
of  the  Ihort  one.  Now,  fuppofe  a man  to  pull,  or 
prefs  the  end  of  the  long  arm  with  the  force  of 
200  pound  weight,  and  that  the  Earth  contains  in 
round  numbers,  4,000,000,000,000,000,000,000, 
or  4000  Trillions  of  cubic  feet,  each  at  a mean 
rate  weighing  100  pound:  and  that  the  prop  or 
center  of  motion  of  the  lever  is  6000  miles  from 
the  Earth’s  center:  in  this  cafe,  the  length  of  the 
lever  from  the  Fulcrum  or  center  of  motion  to 
the  moving  power  or  weight  ought  to  be  12,000, 
000,000,000,000,000,000,000,  or  12  Quadrillions 
of  miles;  and  fo  many  miles  muft  the  power  move, 
in  order  to  raife  the  Earth  but  one  mile;  whence 
it  is  eafy  to  compute,  that  if  Archimedes,  or  the 
power  applied,  could  move  as  fwifc  as  a cannon- 
bullet,  it  would  take  27,000,000,000,000,  or  27 
Bilhons  of  years  to  raife  the  Earth  one  inch. 

It  any  other  machine,  fuch  as  a combination  of 
wheels  and  fcrews,  was  propofed  to  move  the  Earth, 
the  time  it  would  require,  and  the  fpace  gone 
through  by  the  hand  that  turned  the  macSne 
would  be  the  fame  as  before.  Hence  we  may 
learn,  that  however  boundlefs  our  Imagination  and 
Theory  may  be,  the  adual  operations  of  man  are 
confined  within  narrow  bounds ; and  more  fuited 
to  our  real  wants  than  to  our  defires. 


Planets  mutually  attradl  each  Hard  to  de. 
other : the  power  by  which  they  do  fo  we  call 

Gravity.  But  whether  this  powe!-  be  mechanical 

tLTrh!  m’'  difpmed.  Obfervation  proves 
hat  the  Planets  difturb  one  another’s  motions  bv 

the  HilTa  according  to  the  fquares  of 

Which  IS  known  to  be  material,  likewife  dies. 

^ ^ Hence 
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Hence  Gravity  fhould  feem  to  arife  from  theagen-  . 
cy  of  fome  fubtle  matter  prefling  toward  the  Sun  i 
and  Planets,  and  a£ling  like  all  mechanical  caufes,  , 
by  contadt.  But,  on  the  other  hand,  when  we  | 
confider  that  the  degree  or  force  of  Gravity  is  ex-  i 
a<5tly  in  proportion  to  the  quantities  of  matter  in  \ 
thole  bodies,  without  |ny  regard  to  their  bulks  or  | 
quantities  of  furface,  adting  as  freely  on  their  in-  r 
ternal  as  external  parts,  it  feems  to  furpafs  the  | 
power  of  mechanifrn,  and  to  be  either  the  imme-  i 
diate  agency  of  the  Deity,  or  effedted  by  a law 
originally  eftablilhed  and  impreft  on  all  matter 
by  him.  But  fome  affirm  that  matter,  being  al- 
together inert,  cannot  be  impreffed  with  any  Law, 
even  by  almighty  Power ; and  that  the  Deity,  or 
fome  fubordinate  intelligence,  muft  therefore  be 
conflanily  impelling  the  Planets  toward  the  Sun, 
and  moving  them  with  the  fame  irregularities  and 
dilfurbances  which  Gravity  would  caufe,  if  it 
could  be  fuppofed  to  exift.  But,  if  a man  may 
venture  to  publiffi  his  own  thoughts,  it  feems  to 
me  no  more  an  abfurdity,  to  fuppofe  the  Deity  ca- 
pable of  infufing  a Law,  or  what  Laws  he  pleafes, 
into  matter,  than  to  fuppofe  him  capable  of  giving 
it  exillence  at  firft.  The  manner  of  both  is  equally 
inconceivable  to  us;  but  neither  of  them  imply  a 
contradidion  in  our  ideas;  and  what  implies  no 
contradidion  is  within  the  power  of  Omnipotence. 

i6i.  That  the  projedile  force  was  at  firfl:  given 
by  the  Deity  is  evident.  For,  fince  matter  can 
never  put  itfelf  in  motion,  and  all  bodies  may  be 
moved  in  any  diredion  whatfoever } and  yet  the 
Planets,  both  primary  and  fecondary,  move  from 
weft  to  eaft,  in  planes  nearly  coincident;  while 
the  Comets  move  in  all  diredions,  and  in  planes 
very  diffisrent  from  one  another ; thefe  motions 
can  be  owing  to  no  mechanical  caufe  or  neceffity, 
but  to  the  free  will  and  power  of  an  intelligent 
Being. 


5 


162.  What- 
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162.  Whatever  Gravity  be,  it  is  plain  that  it 
afts  every  moment  of  time:  for  if  its  a6tion  fhould 
ceafe,  the  projeftile  force  would  inftantly  carry  off* 
the  Planets  in  ftraight  lines  from  thofe  parts  of 
their  Orbits  where  Gravity  left  them.  But,  the 
Planets  being  once  put  into  motion,  there  is  no 
occafion  for  any  new  projedile  force,  unlefs  they 
meet  with  fome  refiftancc  in  their  Orbits;  nor  for 
any  mending  hand,  unlefs  they  difturb  one  ano- 
ther too  much  by  their  mutual  attradions. 

i6j.  It  is  found  that  there  are  difturbances  Thepianeu 
.among  the  Planets  in  their  motions,  arifing  from 
their  mutual  attradions  when  they  are  in  the  fame  Soni.' 
quarter  of  the  Heavens  ; and  the  bed  modern  ob- 
fervers  find  that  our  years  are  not  always  precifely 
of  the  lame  length  *.  Befides,  there  is  reafon  to 
believe  that  the  Moon  is  fomewhat  nearer  the 
Earth  now  than  fhe  was  formerly;  her  periodical 
month  being  Ihorter  than  it  was  in  former  ages. 

For  our  Aftronomical  Tables,  which  in  the  prefent  The  confe- 
Age  Ihew  the  times  of  Solar  and  Lunar  Eclipfes 
to  great  precifion,  do  not  anfwer  fo  well  for  very  ‘ ’ 

ancient  Eclipfes.  Hence  it  appears,  that  the  Moon 
does  not  move  in  a medium  void  of  all  refiftance, 

§ 1743  and  therefore  her  projedile  force  being 
a little  weakened,  whilethere  is  nothing  to  diminifh 
her  gravity,  file  muft  be  gradually  approaching 
nearer  the  Earth,  deferibing  fmaller  and  finaller 
Circles.round  it  in  every  Revolution,  and  finifiiing 
her  Period  fooner,  although  her  ablolute  motion 


mutually  attraft  one  another,  the 
areas  defenbed  by  them  would  be  exaftly  proportionate  to  the 
t me,  of  defcrtptton,^  , . ^ut  obfervJtionsVove  that  thefe 

when  th  A proportion,  and  are  moil  varied 

when  the  greatrft  number  of  Planets  are  in  any  oarticular 

iearer  to  '^hich  tend  to  bring  them 

ftoT  he  L'  '""i  h'  r'"'"  ^ lutlelrthcr 

whi^h  mean  and  the  fuperior  one  a little  nearer  to  him  ; by 
but  thi^aTte  the  figure  of  their  Orbits  is  fomewhat  altered^ 
but  this  alteration  is  too  fmall  to  be  difeoveted  in  feveral  ages! 

^ 3 with 
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with  regard  to  fpace  be  not  fo  quick  now  as  it  was 
formerly : and,  therefore,  fhe  mud  come  to  the 
Earth  at  laft ; unlefs  that  Being,  which  gave  her  a 
fufficient  projeftile  force  at  the  beginning,  adds  a 
little  more  to  it  in  due  time.  And,  as  all  the  Pla- 
nets move  in  fpaces  full. of  ether  and  light,  which 
are  material  fubftances,  they  too  muft  meet  with 
fome  refiftance  And  therefore,  if  their  gravities 
are  not  diminifhed,  nor  their  prqjeftile  forces  in- 
creafed,  they  muft  neceflarily  approach  nearer  and 
nearer  the  Sun,  and  at  length  fall  upon  and  unite 
with  him. 

164.  Here  we  have  a ftrong  philofophical  ar- 
gument againft  the  eternity  of  the  World.  For, 
had  it  exifted  from  eternity,  and  been  left  by  the 
Deity  to  be  governed  by  the  combined  adtions  of 
the  above  forces  or  powers,  generally  called  Laws, 
it  had  been  at  an  end  long  ago.  And  if  it  be  left 
tc  them,  it  muft  come  to  an  end.  But  we  may 
be  certain  that  it  will  laft  as  long  as  was  intended 
by  its  Author,  who  ought  no  more  to  be  found 
fault  with  for  framing  fo  perifhable  a work,  than 
for  making  man  mortal. 

■ CHAP.  VIII. 

Of  Light.  Its  proportional  Quantities  on  the  dif- 
ferent Planets.  Its  Refractions  in  Water  and 
Air.  The  Atmofphere\  its  Weight  and  Proper- 
ties. The  Horizontal  Moon. 

165.  T IGHT  confifts  of  exceeding  fmall  par- 
I j tides  of  matter  ifluing  from  a luminous 
body;  as  from  a lighted  candle  fuch  particles  of 
matter  conftantly  flow  in  all  diredtions.  Dr.  Niew- 
ENTYT*  computes,  that  in  one  fecond  of  time  there 
flows  418,660,000,000,000,000,000,000,000,000, 
000,000,000,000,000  particles  of  light  out  of  a 
burning  candle;  which  number  contains  at  leaft 


6,337. 


* Religious  Philofopher,  Vol.  III. 
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6,^37,242,000,000  times  the  number  of  grains 
of  fand  in  the  whole  Earth  j fuppofing  lOo  grains 
of  fand  to  be  equal  in  length  to  an  inch,  and  con- 
fequently,  every  cubic  inch  of  the  Earth  to  con- 
tain one  million  of  fuch  grains. 

166.  Thefe  amazingly  fmall  particles,  by  flrik-  Thedread- 
jn^  upon  our  eyes,  excite  in  our  minds  the  idea  that  wo..id 
of  light:  and,  if  they  were  as  large  as  the  fmalleft  en^“efrom 
particles  of  matter  difcernible  by  our  befb  micro- 
fcopes,  inftead  of  being  ferviceable  to  us,  they 

would  foon  deprive  us  of  fight  by  the  force  arifing 
from  their  immenfe  velocity,  which  is  above  164 
thoufand  miles  every  fecond*,  or  1,230,000  times 
fwifter  than  the  motion  of  a cannon-bullet.  And 
therefore,  if  the  particles  of  light  were  fo  large, 
that  a million  of  them  were  equal  in  bulk  to  an 
ordinary  grain  of  fand,  we  durft  no  more  open 
our  eyes  to  the  light,  than  fuffer  fand  to  be  fhot 
point  blank  againft  them. 

167.  When  thefe  fmall  particles,  flowing  from  Howobjedls 
the  Sun  or  from  a candle,  fall  upon  bodies,  and 

are  thereby  reflected  to  our  eyes,  they  excite  in 
us  the  idea  of  that  body,  by  forming  its  picture 
on  the  retinaf.  And  fince  bodies  are  vifible  on 
all  fides,  light  mufl;  be  reflefled  from  them  in  all 
direftions. 


168.  A ray  of  light  is  a continued  ftreain  of 
thefe  particles,  flowing  from  any  vifible  body  in  a 
uraight  line.  That  the  rays  move  in  ftraight,  and 
not  in  crooked  lines,  unlefs  they  be  refradled,  is 
evident  from  bodies  not  being  vifible  if  we  endea- 
vour to  look  at  them  through  the  bore  of  a bended 
pip^j  and  from  their  ceafing  to  be  feen  by  the 
interpofition  of  other  bodies,  as  the  fixed  Stars  by 
the  interpofition  of  the  Moon  and  Planets,  and 
the  Sun  wholly  or  in  part  by  the  interpofition  of 
the  Moon,  Mercury,  or  Venus.  And  that  thefe 
rays  do  not  interfere,  or  joftle  one  another  out  of 

* This  will  be  demonftraied  in  the  eleventh  Chapter. 

T A hne  net-work  membrane  in  the  bottom  of  the  eye. 

^ 4 their 
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PLATE  II. 
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their  ways,  in  flowing  from  different  bodies  all 
around,  is  plain  from  the  following  Experiment. 
Make  a little  h-ole  in  a thin  plate  of  metal,  and 
fet  the  plate  upright  on  a table,  facing  a row  of 
lighted  candles  (landing  by.  one  another;  then 
place  a (beet  of  paper  or  pafleboard  at  a little  dif- 
tance  from  the  other  fide  of  the  plate,  and  the  rays 
of  all  the  candles,  flowing  through  the  hole,  will 
form  as  many  fpecks  of  light  on  the  paper  as 
there  are  candles  before  the  plate  ; each  fpeck  as 
diftinft  and  large,  as  if  there  were  only  one  candle 
to  caft  one  fpeck  j which  (hews  that  the  rays  are 
no  hindrance  to  each  other  in  their  motions,  al- 
though they  all  crofs  in  the  hole. 

169.  Light,  and  therefore  heat,  fo  far  as  it  de- 
pends on  the  Sun’s  rays,  (§  85,  toward  the  end) 
decreafes  in  proportion  to  the  fquares  of  the  dif- 
tances  of  the  Planets  from  the  Sun.  This  is  eafily 
demonflrated  by  a Figure  which,  together  with 
its  defcription,  I have  taken  from  Dr.  Smith’s 
Optics*.  Let  the  light  which  flows  from  a point 
A,  and  paflfes  through  a fquare  hole  B,  be  received 
upon  a plane  C,  parallel  to  the  plane  of  the  hole; 
or,  if  you  pleafe,  let  the  figure  C be  the  jfhadow 
of  the  plane  P;  and  when  the  diftance  C is  double 
of  B,  the  length  and  breadth  of  the  fhadow  C 
will  be  each  double  of  the  length  and  breadth  of 
the  planed;  and  treble  when  is  treble  of 
and  fo  on  : which  may  be  eafily  examined  by  the 
light  of  a candle  placed  at  A.  -Therefore  the 
furface  of  the  fhadow  C,  at  the  diftance  AC  double 
of  AB,  is  divifible  into  four  fquares,  and  at  a 
treble  diftance,  into  nine  fquares,  feverally  equal 
to  the  fquare  By  as  reprdented  in  the  Figure. 
The  light  then  which  falls  upon  the  plane  B, 
being  iuffered  to  pafs  to  double  that  diftance, 
will  be  uniformly  fpread  over  four  times  the 
/pace,  and  confequently  will  be  four  times  thinner 

* Book  I.  Art.  57. 


in 
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in  every  part  of  that  fpace;  and  at  a treble  dlf-  plate  lU 
tance,  it  will  be  nine  times  thinneri  and  at  a qua- 
druple diftance,  fixteen  times  thinner,  than  it  was 
at  firft ; and  fo  on,  according  to  the  increafe  of 
the  fquarc  furfaces  B,  C,  D,  E;  built  upon  the 
diftances  AB,  AC^  AT),  AE.  Confequently,  the 
quantities  of  this  ratified  light  received  upon  a 
furface  of  any  given  fize  and  fbape  whatever,  re- 
moved fuccelTively  to  thefe  feveral  diftances,  will 
be  but  one  fourth,  one  ninth,  one  fixteenth  of 
the  whole  quantity  received  by  it  at  the  firft  dif- 
tance  AB.  Or,  in  general  words,  the  denfities  and 
quantities  of  light,  received  upon  any  given  plane, 
are  diminifhed  in  the  fame  proportion,  as  the 
fquares  of  the  diftances  of  that  plane,  fi-om  the 
luminous  body,  are  increafed  : and,  on  the  con- 
trary, are  increafed  in  the  fame  proportion  as  thefe 
fquares  are  diminifhed. 

170.  The  more  a telefcope  magnifies  the  difks  whythe 
of  the  IVfoon  and  Planets,  they  appear  fq  much  Pt^netsap- 
dimmer  than  to  the  bare  eye;  becaufe  the  tele-  'Je'whTa 
fcope  cannot  magnify  the  quantity  of  light  as  it 

does  the  furface;  and,  by  fpreading  the  fame 
quantity  of  light  over  a furface  fo  much  larger 
than  the  naked  eye  beheld,  juft  fo  much  dimmer 
muft  It  appear  when  viewed  by  a telefcope  than 
by  the  bare  eye. 

17 1.  When  a ray  of  light  paffes  out  of  one 
medium/^  into  another,  it  is  refrafted,  or  turned 
out  of  its  firft  courfe,  more  or  lefs,  as  it  falls 

ob^'quely  on  the  refrading  furface 
which  divides  the  two  mediums.  This  may  be 
proved  by  feveral  experiments  ; of  which  we  (hall 

^GH,  put  a piece  of  money,  as  DB,  and  then  retire 
that  IS,  till  the  edgeofthe  bafon  at£ 
jult  hides  the  money  from  your  fight ; then  keep- 

> air,  and  even  a vacuum  is  fometimes  called  a Medium. 

ing 
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ing  your  head  fteady,  let  another  perfon  fill  the 
bafon  gently  with  water.  As  he  fills  it,  you  will 
fee  more  and  more  of  the  piece  DB-,  which  will 
be  all  in  view  when  the  bafon  is  full,  and  appear 
as  if  lifted  up  to  C.  For  the  ray  AEB,  which 
was  ftraight  while  the  bafon  was  empty,  is  now 
bent  at  the  furface  of  the  water  in  and  turned 
out  of  its  retflilineal  courfe  into  the  diredlion  E D. 
Or,  in  other  words,  the  rzy  DEK,  that  proceeded 
in  a ftraight  line  from  the  edge  D while  the  bafon 
was  empty,  and  went  above  the  eye  at  A,  is  now 
bent  at  A;  and  inftead  of  going  on  in  the  redli- 
lineal  diredlion  DEK,  goes  in  the  angled  diredion 
BEAf  and  by  entering  the  eye  at  A renders  the 
objedl  DB  vifible.  Or,  idly.  Place  the  bafon 
where  the  Sun  fhines  obliquely,  and  obferve  where 
the  ftiadow  of  the  rim  E falls  on  the  bottom,  as  at 
B : then  fill  it  with  water,  and  the  fhadow  will  fall 
at  Di  which  proves,  that  the  rays  of  light,  falling 
obliquely  on  the  furface  of  the  water,  are  refradled, 
or  bent  downwards  into  it. 

172.  The  lefs  obliquely  the  rays  of  light  fall 
upon  the  furface  of  any  medium,  the  lefs  they  are 
refradled ; and  if  they  fall  perpendicularly  on  it, 
they  are  not  refrafted  at  all.  For,  in  the  laft  ex- 
periment, the  higher  the  Sun  rifes,  the  lefs  will 
be  the  difference  between  the  places  where  the 
edge  of  the  lhadow  falls,  in  the  empty  and  full 
bafon.  /And,  ddly,  If  a ftick  be  laid  over  the 
bafon,  and  the  Sun’s  rays  being  refiefted  perpen- 
dicularly into  it  from  a lookirtg  glafs,  the  fhadow 
of  the  ftick  will  fall  upon  the  fame  place  of  the  bot- 
tom, whether  the  bafon  be  full  or  empty. 

173.  The  denfer  that  any  medium  is,  the  more 
is  light  refrafted  in  paffing  through  it. 

' 174.  The  Earth  is  furrounded  by  a thin  fluid 
mafs  of  matter,  called  the  Air  or  Atmojphere^ 
which  gravitates  to  the  Earth,  revolves  with  it  in 
its  diurnal  motion,  and  goes  round  the  Sun  with 
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it  every  year.  This  fluid  is  of  an  elaftic  or  fpringy 
nature,  and  its  loweft  pare,  being  prefTed  by  the 
weight  of  all  the  Air  above  it,  is  preflTed  the  clofcfl: 
together}  and  therefore  the  atmofphere  is  denfeft 
of  all  at  the  Earth’s  Surface,  and  becomes  gradu- 
ally rarer  higher  up.  “ It  is  well  known*  that  the 
Air  near  the  furfice  of  our  Earth  pofTefTes  a fpace 
about  I2CO  times  greater  than  Water  of  the  fame 
weight.  And  therefore,  a cylindric  column  of 
Air  1200  feet  high,  is  of  equal  weight  with  a cylin- 
der of  Water  of  the  fame  breadth,  and  but  one 
foot  high.  But  a cylinder  of  Air  reaching  to  the 
top  of  the  Atmofphere  is  of  equal  weight  with  a 
cylinder  of  Water  about  33  feet  high  f}  and  there- 
fore, if  from  the  whole  cylinder  of  Air,  the  lower 
part  of  1 200  feet  high  is  taken  away,  the  remaining 
upper  part  will  be  of  equal  weight  with  a cylinder 
of  Water  32  feet  high;  wherefore,  at  the  height 
of  1200  feet,  or  two  furlongs,  the  weight  of  the 
incumbent  air  is  lefs,  and  confequently  the  rarity 
of  the  compreflTed  Air  is  greater  than  near  the 
Earth’s  furface,  in  the  ratio  of  33  to  32.  And 
the  Air  at  all  heights  whatfoever,  fuppofing  the 
cxpanfion  thereof  to  be  reciprocally  proportional 
to  its  comprelTion } and  this  proportion  has  been 
proved  by  the  experiments  of  Dr.  Hooke  and 
others.  The’ refult  of  the  computation  I have  fee 
down  in  the  annexed  Table  : in  the  firfl;  column 
of  which  you  have  the  height  of  the  Air  in  miles, 
whereof  4000  make  a femi-diameter  of  the  Earth  \ 
in  the  fecond  the  comprelTion  of  the  Air,  or  the 
incumbent  weight;  in  the  third  its  rarity  or  ex- 
panfion,  fuppofing  gravity  to  decreafe  in  the  du- 
plicate ratio  of  the  diftances  from  the  Earth’s 
center.  And  the  fmall  numeral  figures  are  here  ufed 
to  Ihew  what  number  of  cyphers  muft  be  joined 

• Newton’s  Syjlem  of  the  World,  p.  izo. 

'I'  This  is  evident  from  common  pumps. 
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to  the  numbers  exprefled  by  the  larger  figures,  as 
o.*^i224  for  0.000000COOO00000001224,  and 
26956**  for  26956000000000000000. 


Ai  r’s 

f 

Height. 

Comprefiion. 

1 

Expanfiort. 

0 

33 

. . I 

5 

17.8515  . . 

. . 1.84S6 

10 

9.6717  . . 

20 

2. 852.  . . 

. .11. 571 

40 

0.2525  . . 

. 136.83 
26956*5 

400 

0.  '^1224  . 

4000 

0.  '°^4465 

73907*°^ 

40000 

0.  *5^628 

26263'*'' 

400000 

0. -“7895 

41798"°' 

4000000 

0.  =^‘*9878 

334’T°® 

Infinite. 

0.  ^“9941 

54622*“® 

From  the  above  Table  it  appears  that  the  Air 
in  proceeding  upward  is  rarified  in  fuch  manner, 
that  a fphere  of  that  Air  which  is  neared  the  Earth 
but  of  one  inch  diameter,  if  dilated  to  an  equal 
rarefadlion  with  that  of  the  Air  at  the  height  of 
ten  femi-diameters  of  the  Earth,  would  fill  up 
more  fpace  than  is  contained  in  the  whole  Hea- 
vens on  this  fide  the  fixed  Stars.  And  it  likewife 
appears  that  the  Moon  does  not  move  in  a per- 
feftly  free  and  unrefifting  medium;  although  the 
Air,  at  a height  equal  to  her  diftances,  is  at  lead 
3400*°°  times  thinner  than  at  the  Earth’s  furface ; 
and  therefore  cannot  refift  her  motion,  fo  as  to  be 
fenfible  in  many  ages. 

175.  The  weight  of  the  Air,  at  the  Earth’s  fur- 
face,  is  found  by  experiments  made  with  the  Air- 
pump  i and  alfo  by  the  quantity  of  mercury  that 
the  Atmofphere  balances  in  the  barometer;  in 
which,  at  a mean  date,  the  mercury  dands  29J 
inches  high.  And  if  the  tube  were  a fquare  inch 
wide,  it  would  at  that  height  contain  .9^  cubic 
inches  of  mercury,  which  is  jud  1 5 pound  weight : 
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and  fo  much  weight  of  air  every  fquare  inch  of 
the  Earth’s  furface  fuft'ainsj  and  every  fquare  foot 
144  times  as  much,  becaufe  it  contains  144  fquare 
inches.  Now,  as  the  Earth’s  furface  contains,  in 
round  numbers,  200,000,000  fquare  miles,  it  mufl: 
contain  no  lefs  than  5,57 5,680,000,000,000 fquare 
feet}  which  being  multiplied  by  2160,  the  num- 
ber of  pounds  on  each  fquare  foot,  amounts  to 
12,043,468,800,000,000,000  pounds,  for  the 
weight  of  the  whole  Acmofphere.  At  this  rate,  a 
middle-fized  man,  whofe  furface  is  about  15  fquare 
feet,  is  prefled  by  32,400  pound  weight  of  Air  all 
around;  for  fluids  prefs  equally  up  and  down,  and 
on  all  fides.  But,  becaufe  this  enormous  werghc 
is  equal  on  all  fides,  and  counrerbalanced  by  the 
fpring  of  the  Air  diffufed  throu- h all  {jarts  of  our 
bodies,  it  is  not  in  the  lead  degree  felt  by  us. 

176.  Oftentimes  the  ftate  gf  the  Air  is  fuch, 
that  we  feel  ourfelves  languid  and  dull;  which  is 
commonly  thought  to  be  occafioned  by  the  Air’s 
being  foggy  and  heavy  about  us.  But  that  the 
Air  is  then  too  light,  is  evident  from  the  mer- 
cury s finking  in  the  barometer,  at  which  time  it 
is  generally  found  that  the  Air  has  not  fufficient 
ftrength  to  bear  up  the  vapours  which  compofe 
the  Clouds:  for,  when  it  is  otherwife,  the  Clouds 
mount  high,  and  the  Airis  more  elaftic  and  weighty 
about  us,  by  which  means  it  balances  the  internal 
fpring  of  the  Air  within  us,  braces  up  our  blood- 
vcflels  and  nerves,  and  makes  us  brifk  and  lively. 

177.  According  to  Dr.  KEiLL*,  and  other  afiro* 
nomical  writers,  it  is  entirely  owing  to  the  Atmo- 
fphere  that  the  Heavens  appear  bright  in  the  day- 
time. For,  without  an  Atmofphere,  only  that 
part  of  the  Heavens  would  fliine  in  which  the  Sun 
was  placed ; and  if  we  could  live  without  Air, 
and  fhould  turn  our  backs  toward  the  Sun,  the 
whole  Heavens  would  appear  as  dark  as  m the 
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• See  his  Aftronomy,  p.  232, 
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Concerning  the  Atmojphere. 

night,  and  the  Stars  would  be  feen  as  clear  as  in 
the  nofturnal  fky.  In  this  cafe,  we  Ihould  have  ^ 
no  twilight  j but  a fudden  tranfition  from  the  I 
brighteft  fun-fliinc  to  the  blacked  darknefs  imme-  | 
diately  after  fun-fet ; and  from  the  blacked  dark-  i 
nefs  to  the  brighted  fun-fhine  at  fun-rifing}  which 
would  be  extremely  inconvenient,  if  not  blinding, 
to  all  mortals.  But,  by  means  of  the  Atmo- 
fphere,  we  enjoy  the  Sun’s  light,  refledled  from 
the  aerial  particles,  for  fome  time  before  he  rifes 
and  after  he  fets.  For,  when  the  Earth  by  its 
rotation  has  withdrawn  our  fight  from  the  Sun, 
the  Atmofphere  being  dill  higher  than  we,  has  the 
Sun’s  light  imparted  to  it ; which  gradually  de- 
creafes  until  he  has  got  i8  degrees  below  the  Ho- 
rizon; and  then,  all  that  part  of  the  Atmofphere 
which  is  above  us  is  dark.  From  the  length  of 
twilight,  the  Do£lor  has  calculated  the  height  of 
the  Atmofphere  (fo  far  as  it  is  denfe  enough  to  re- 
flect any  light)  to  be  about  44  miles.  But  it  is 
feldom  denfe  enough  at  two  miles  height  to  bear 
up  the  clouds. 

178.  The  Atmofphere  refracts  the  Sun’s  rays 
fo,  as  to  bring  him  in  light  every  clear  day,  be- 
fore he  rifes  in  the  Horizon  ; and  to  keep  him  in 
view  for  fome  minutes  after  he  has  really  fet  be- 
low it.  For,  at  fome  times  of  the  year,  we  fee 
the  Sun  ten  minutes  longer  above  the  Horizon 
than  he  would  be  if  there  were  no  refractions  . 
and  about  fix  minutes  every  day  at  a mean  rate. 

179.  To  illudrate  this,  \t\:  I EK  be  a part  of 
the  Earth’s  furface,  covered  with  the  Atmofphere 
HGFC-,  and  let  HEO  be  the  fenfible  Horizon  * 
of  an  obferver  at  E.  W hen  the  Sun  is  at  Ay  really 
below  the  Horizon,  a ray  of  light,  ACy  proceeding 
from  him  comes  draight  to  C,  where  .it  falls  on 
the  furface  of  the  Atmofphere,  and  there  entering 
a denfer  medium,  it  is  turned  out  of  its  rectilineal 

• As  far  as  one  can  fee  round  him  on  the 
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courfe  ACdGy  and  bent  down  to  the  obferver’s  eye 
at  E who  then  fees  the  Sun  in  the  diredion  of  the 
refrafted  ray  Ede^  which  lies  above  the  Horizon, 
and  being  extended  out  to  the  Heavens,  fhews  the 
Sun  at  § 17 1. 

180.  The  higher  the  Sun  rifes,  the  lefs  his  rays 
arc  refra6ted,  becaufe  they  fall  lefs  obliquely  on 
the  furface  of  the  Atmofphere,  § 172.  Thus, 
when  the  Sun  is  in  the  diredlion  of  the  line  EfL 
continued,  he  is  fo  nearly  perpendicular  to  the 
furface  of  the  Earth  at  E,  that  his  rays  are  but 
very  little  bent  from  a redtilineal  courfe. 

181.  The  Sun  is  about  32I  min.  of  a deg.  in 
oreadtn,  when  at  his  mean  diftance  from  the  of  Re- 
Earth  j and  the  horizontal  refraftion  of  his  rays  is 

331  min.  which  being  more  than  his  whole  dia- 
meter, brings  allhisDifc  in  view,  when  hisupper- 
moft  edge  rifes  in  the  Horizon.  At  ten  deg. 
height,  the  refradion  is  not  quite  5 min.;  at  20 
deg.  only  2 min.  26  fee.;  at  30  deg.  but  i min. 

32  ec.  j 2nd  at  the  Zenith,  it  is  nothing;  the  quan- 
tity throughout  is  fhewn  by  the  annexed  Table 
calculated  by  Sir  Isaac  Newton. 
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182.  Table  Jhewing  the  Ref ra£t ions  of 
the  Sun^  Moony  and  Stars  \ adapted 
to  their  apparent  Altitudes. 
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183.  In  all  obfervations,  to  have  the  true  alti*  plate  11. 
tude  of  the  Sun,  Moon,  or  Stars,  the  refradlion 
muft  be  fubtrafted  from  the  obferved  altitude. 

But  the  quantity  of  refradion  is  not  always  the  Theincon- 
fame  at  the  fame  altitude}  becaufeheat  diminifhes  JXaion., 
the  Air’s  refradlive  power  and  denlity,  and  cold 
increafes  both;  and  therefore  no  one  table  can 
ferve  precifely  for  the  fame  place  at  all  feafons, 
nor  even  at  all  times  of  the  fame  day,  much  lefs 
for  different  climates;  it  having  been  obferved 
that  the  horizontal  refradlions  are  near  a third  part 
lefs  at  the  Equator  than  at  Paris^  as  mentioned  by 
Dr.  Smith  in  the  370th  remark  on  his  Optics, 
where  the  following  account  is  given  of  an  extra- 
ordinary refradfion  of  the  Sun-beams  by  cold. 

“ There  is  a famous  obfervation  of  this  kind  made 
by  Hollanders  that  wintered  in  Nova  Zembla  a very  re. 
in  the  year  1596,  who  were  furprized  to  find,  that 
after  a continual  night  of  three  months,  the  Sun  wning 
began  to  rife  feventeen  days  fooner  than  according 
to  computation,  deduced  from  the  Altitude  of  the 
Pole  obferved  to  be  76°:  which  cannot  otherwife 
be  accounted  for,  than  by  an  extraordinary  rc- 
fradtion  of  the  Sun’s  rays  paffing  through  the 
cold  denfe  air  in  that  climate.  Kepler  computes 
that  the  Sun  was  almoft  five  degrees  below  the 
Horizon  when  he  firft  appeared ; and  confe- 
quently  the  refradlion  of  his  rays  was  about  nine 
times  greater  than  it  is  with  us.” 

184.  The  Sun  and  Moon  appear  of  an  oval 
figure,  as  FCGD,  juft  after  their  rifing,  and  be-  F!g.  x. 
fore  their  fetting:  the  reafon  of  which  is,  the  re- 
fradlion being  greater  in  the  Horizon  than  at  any 
diftance  above  it,  the  lower  limb  G is  more  ele- 
vated by  it  than  the  uppermoft.  But  although  the 
refradlion  fhortens  the  vertical  Diameter it  has 
no  fenijble  effedl  on  the  horizontal  Diameter  CD, 
which  is  all  equally  elevated.  When  the  refrac- 
tion is  To  fmall  as  to  be  imperceptible,  the  Sun 
and  Moon  appear  perfcdlly  round,  as  AEBF. 

PI  185.  Wc 
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185.  We  daily  obferve,  that  the  obje6ls  which 
appear  moft  diftinfl  are  generally  thofe  which  are 
neared  to  us;  and  confequently,  when  we  have 
nothing  but  our  imagination  to  affid  us  in  edimat- 
ing  of  didances,  bright  objedls  feem  nearer  to  us 
than  thofe  which  are  lefs  bright,  or  than  the  fame 
objeds  do  when  they  appear  lefs  bright  and  worfe 
defined,  even  though  their  didance  in  both  cafes 
be  the  fame.  And  if  in  both  cafes  they  are  feen 
under  the  fame  Angle*,  our  imagination  natu- 
rally 


• An  Angle  is  the  inclination  of  two  right  lines,  as  7i7and 
KH,  meeting  in  a point  at  H ; and  in  defcribing  an  Angle  by 
three  letters,  the  middle  letter  always  denotes  the  angular 
point;  thus,  the  above  lines  IH  and  KH  meeting  each  other 
at  H,  make  the  Angle  1HK\  and  the  point  is  fuppofed  to 
be  the  center  of  a Circle,  the  circumference  of  which  contains 
360  equal  parts,  called  Degrees.  A fourth  part  of  a Circle, 
called  a Quadrant,  z%QE,  contains  90  degrees  ; and  every 
Angle  is  meafured  by  the  number  of  degrees  in  the  Arc  it  cuts 
off ; as  the  Angle  £HP  is  45  degrees,  the  Angle  £HF  33,  &c. 
and  fo  the  Angle  £HF  is  the  fame  with  the  Angle  CHN,  and 
alfo  with  the  Angle  AHM,  becaufe  they  all  cut  off  the  fame 
Arc  or  portion  of  the  Quadrant  £G-,  but  the  Angle  £HF  is 
greater  than  the  Angle  CHD  or  AHL,  becaufe  it  cuts  off  a 
greater  Arc. 

The  nearer  an  objeft  is  to  the  eye,  the  bigger  it  appears, 
and  it  is  feen  under  the  greater  Angle.  To  illuftrate  this  a 
little,  fuppofe  an  Arrow  in  the  pofition  IK,  perpendicular  to 
the  right  line  HA,  drawn  from  the  eye  at  H through  the  middle 
of  the  Arrow  at  O.  It  is  plain  that  the  Arrow  is  feen  under  the 
Angle  IHK,  and  that  HO,  which  is  its  diftance  from  the  eye, 
divides  into  halves  both  the  Arrow  and  the  Angle  under  which 
it  is  feen,  w'2:.  the  Arrow  into  10,  OK;  and  the  Angle  into 
JHO  and  KHQ:  and  this  will  be  the  cafe  whatever  diftance 
the  Arrow  is  placed  at.  Let  now  three  Arrows,  all  of  the 
fame  length  with  IK,  be  placed  at  the  diftances  HA,  HC,  H£, 
ftill  perpendicular  to,  and  bifefted  by  the  right  line  HA‘,  then 
will  AB,  CD,  EF,  be  each  equal  to,  and  reprefent  07;  and  AB 
(the  fame  as  O I)  will  be  feen  from  H under  the  Angle  AHB ; 
but  CD  (the  fame  as  07)  will  be  feen  under  the  Angle  CHD', 
or  AHL",  and  EF  ( the  fame  as  07)  will  be  feen  under  the 
Angle  EHF,  or  CHN,  or  AHM.  Alfo  EF,  or  07,  at  the  dif- 
tance  HE,  will  appear  as  long  as  ON  would  at  the  diftance 
HC,  or  as  AM  would  at  the  diftance  HA ; and  CD,  or  70,  at 
the  diftance  HC,  will  appear  as  long  as  AL  vsould  at  the  dif- 
tance 
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rally  fiiggefts  an  idea  of  a greater  diftance  between 
us  and  thofe  objects  which  appear  fainter  and 
worfe  defined  than  thofe  which  appear  brighter 
under  the  fame  Angles;  efpecially  if  they  be  fuch 
objedls  as  we  were  never  near  to,  and  of  whofe 
real  Magnitudes  we  can  be  no  judges  by  fight. 

186.  But,  it  is  not  only  in  judging  of  the  dif-  Nm- always 
ferent  apparent  Magnitudes  of  the  fame  objeds,  whkw,e 
which  are  better  or  worfe  defined  by  their  being  ac«ffibk. 
more  or  lefs  bright,  that  we  may  be  deceived:  for 
we  may  make  a wrong  conclufion  even  when  we 
view  them  under  equal  degrees  of  brightnefs,  and 
under  equal  Angles;  although  they  be  objedrs 
whofe  bulks  we  are  generally  acquainted  with, 
fuch  as  houfes  or  trees  : for  proof  of  which,  the 
two  following  inftances  may  fuffice; 

^ Firft,  When  a houfe  is  feen  over  a very  broad  The  reafoa 
river  by  a perfon  ftanding  on  low  ground,  who 
fees  nothing  of  the  river,  nor  knows  of  it  before- 
hand: the  breadth  of  the  river  being  hid  from 
him,  becaufe  the  banks  feem  contiguous,  he  lofes 
the  idea  of  a diftance  equal  to  that  breadth;  and 
the  houfe  feems  fmall,  becaufe  he  refers  it  to  a lefs 
diftance  than  it  really  is  at.  But,  if  he  goes  to  a 
place  from  which  the  river  and  interjacent  ground 
can  be  feen,  though  no  farther  from  the  houfe  he 
then  perceives  the  houfe  to  be  at  a greater  diftance 
than  he  imagined;  and  therefore  fancies  it  to  be 
bigger  than  he  did  at  firft ; although  in  both  cafes 
It  appears  under  the  fame  angle,  and  confequentlv 
makes  no  bigger  picture  on  the  retina  of  his  eve 
in  the  latter  cafe  than  it  did  in  the  former.  Manv 
have  been  deceived,  by  taking  a red  coat  of  arms 
bxed  upon  the  iron  gate  in  walks  at 


tance  HA.  So  that  as  an  objeft  approaches  the  eve  horK 
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PLATE  !i.  Cambridge^  for  a brick  houfe  at  a much  greater 
diftance*. 

Secondly,  In  foggy  weather,  at  firft  fight,  we 
generally  imagine  a fmall  houfe,  which  is  juft  at 
hand,  to  be  a great  caftle  at  adiftance;  becaufe  it 
appears  fo  dull  and  ill-defined  when  feen  through 
the  Mift,  that  we  refer  it  to  a much  greater  dif- 
tance  than  it  really  is  at;  and  therefore,  under  the 
fame  Angle,  we  judge  it  to  be  much  bigger.  For 

Fig.  XII.  the  near  object  FA,  feen  by  ihttytABD,  appears 
under  the  fame  Angle  GCH  that  the  remote  ob- 
jed  G///does;  and  the  rays GFCJV and  HECMy 
crolTing  one  another  at  C in  the  pupil  of  the  eye, 
limit  the  fize  of  the  pidure  MN  on  the  retina, 
which  is  the  pidure  of  the  objed  FA;  and  if  FA 
were  taken  away,  would  be  the  pidure  of  the  ob- 
jed GUf  only  worfe  defined-,  becaufe  GHI 
being  farther  off,  appears  duller  and  fainter  than 
FA  did.  But  when  a Fog,  as  FA,  comes  be- 
tween the  eye  and  the  objed  FA,  the  objed  ap- 
pears dull  and  ill-defined  like  GH7;  which  caufes 
our  imagination  to  refer  FA  to  the  greater  dif- 
tance  GH,  inftead  of  the  fmall  diftance  CA,  which 
it  really  is  at.  And  confequently,  as  mif-judging 
the  diftance  does  not  in  the  leaft  diminifh  the 
Angle  under  which  the  objed  appears,  the  fmall 
hay-rick  FA  feems  to  be  as  big  as  GHI, 


* The  fi'-lds  which  are  beyond  the  gate  rife  gradually  till 
they  are  juft  feen  over  it ; and  the  arms  being  red,  are  oftea 
miftaken  for  a houfe  at  a confiderable  diftance  in  thofe  fields. 

I once  met  with  a curious  deception  in  a gentleman  s gar- 
den at  Hackney,  occafioned  by  a large  pane  of  glafs  in  the  gar- 
den-wall at  fome  diftance  from  his  houfe.  The  glafs 
which  the  Iky  was  feen  from  low  ground)  teflefted  a ve  y 
faint  image  of  the  Houfe;  but  the  image  feemed  to  be  in  the 
Clouds  near  the  Horizon,  and  at  that  diftance  looked  as  if  it 
were  a huge  caftle  in  the  Air.  Vet  the  Angle,  under  which 
the  image  appeared,  was  equal  to 

was  feeL  but  the  image  being  mentally  referred  to  a muc 

greater  diftance  than  the  houle,  appeared  much  bigger  to  the 
imagination.  ^ ^ 


lOl 


Horizontal  Moon  explained. 

187.  The  Sun  and  Moan  appear  bigger  in  the  plateii. 
Horizon  than  at  any. confiderable height  above  it.  Fig.  ix. 
Thefe  Luminaries,  although  at  great  diftarices 

from  the  Earth,  appear  floating,  as  it  were,  on  the 
furface  of  our  Atmofphere  HGFfeC,  a little  way 
beyond  the  Clouds;  of  which,  thofe  about  whyihe 
direftly  over  our  heads  at  are  nearer  us  than 
thofe  about  /fore  in  the  Horizon  HEe.  There- 
fore,  when  the  Sun  or  Moon  appear  in  the  Hori-  riz.n, 
zon  at  e,  they  are  not  only  feen  in  a part  of  the 
Sky  which  is  really  farther  from  us  than  if  they 
were  at  any  confiderable  Altitude,  as  about/;  but 
they  are  alfo  feen  through  a greater  quantity  of 
Air  and  Vapours  at  e than  at  /.  Here  we  have 
two  concurring  appearances  which ' deceive  our 
imagination,  and  caufe  us  to  refer  the  Sun  and 
Moon  to  a greater  diftance  at  their  rifing  or  fet- 
ting  about  e,  than  when  they  are  confiderably  ' 
high,  as  at /;  firft,  their  feeming  to  be  on  a part 
of  the  Atmofphere  at  e,  which  is  really  farther 
than /from  a fpedtator  at  E;  and  fecondly,  their 
being  feen  through  a groflTer  mediunh,  when  at  e, 
than  when  at /;  which,  by  rendering  them  dim- 
mer, caufes  us  to  imagine  them  to  be  at  a yet 
greater  diftance.  And  as,  in  both  cafes,  they  are 
feen*  much  under  the  fame  Angle,  we  naturally 
judge  them  to  be  biggeft  when  they  feem  fartheft 
from  US;  like  the  above-mentioned  houfe,  § 186, 
feen  from  a higher  ground,  which  fliewed  it  to  be 
farther  off  than  it  appeared  from  low  ground,  or 
the  hay-rick,  which  appeared  at  a greater  diftance 
by  means  of  an  interpofing  Fog. 

188.  Any  one  may  fatisfy  himfclf  that  the  Moon  Their  ap. 

appears  under  no  greater  Angle  in  the  Horizon 
than  on  the  Meridian,  by  taking  a large  flieet  of  n.'ueTo^ 
paper,  and  rolling  it  up  in  the  form  of  a Tube 
of  fuch  a width,  that  obferving  the  Moon  through  ?he 

...  Moon  fubtend  a greater  Angle  on  the  Me- 

ndian  than  in  the  Horizon,  being  nearer  the  Obferver’s  Place 
in  liie  former  cafe  than  in  the  latter. 
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it  when  flie  rifes,  fhe  niay,  as  it  were,  jufl;  fill  the 
Tube;  then  tie  a thread  round  it  to  keep  it  of 
that  fize;  and  when  the  Moon  comes  to  the  Meri- 
dian, and  appears  much  lefs  to  the  eye,  look  at 
her  again  through  the  fame  Tube,  and  flie  will  fill 
it  juft  as  much,  if  not  more,  than  fhe  did  at  her 
rifing. 

189.  When  the  full  Moon  is  in  perigee,  or  at 
her  leaft  diftance  from  the  Earth,  fhe  is  feen  under 
a larger  Angle,  and  muft  therefore  appear  bigger 
than  when  fl:>e  is  full  at  other  times;  and  if  that 
part  of  the  Atmofphere  where  (he  rifes  be  more 
replete  with  Vapours  than  ufual,  flie  appears  fo 
much  the  dimmer;  and  therefore  we  fancy  her  to 
be  ftill  the  bigger,  by  referring  her  to  an  unufually 
great  diftance,  knowing  that  no  objefts  which 
are  very  far  diftant  can  appear  big  unlefs  they  be 
really  fo. 


CHAP.  IX. 

The  Method  of  finding  the  Difiances  of  the  '$nn 

Moon,  and  Planets.  \ 

* ^ 

190.  r HOSE  who  have  not  learnt  how  to 
take  the  Altitude  of  any  Celeftial. 
Phenomenon  by  a common  Quadrant,  nor  know 

any 

* The  Altitude  of  any  celeftial  Objeft  is  an  arc  of  the  Sky 
intercepted  between  the  Horizon  andtheObjeft.  In  Fig. VI. 
of  Plate  II.  let  H OX  be  a horizontal  line,  fuppofed  to  be  ex- 
tended from  the  eye  at  X to  X,  where  the  Sky  and  Earth  feem 
to  meet  at  the  end  of  a long  and  level  plain  ; and  let  S be  the 
Sun.  The  arc  XT  will  be  the  Sun’s  height  above  the  Hori- 
zon at  Xt  and  is  found  by  the  ioftrument  ECO,  which  is  a 
quadrantal  board,  or  plate  of  metal,  divided  into  90  equal 
parts  or  degrees  on  its  limb  DPC,  and  has  a couple  of  little 
brafs  plates,  as  a and  l>,  with  a fmall  hole  in  each  of  them, 
called  Sight-Holes,  for  looking  through,  parallel  to  the  edge  of 
the  Quadrant  which  they  ftand  on.  To  the  center  E is  fixed 
one  end  of  a thread  E,  called  the  Plumb-Line,  which  has  a fmall 
weight  or  plummet  P fixed  to  its  other  end.  Now,  if  an  ob- 
(erver  holds  the  Quadrant  upright,  without  inclining  it  to 

either 
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any  thing  of  plain  Trigonometry,  may  pafs  over 
the  firft  Article  of  this  fhort  Chapter,  and  take  the 
Aftronomer’s  word  for  it,  that  the  diftances  of  the 
Sun  and  Planets  are  as  ftated  in  the  firft  Chapter 
of  this  Book.  But,  to  every  one  who  knows  how 
to  take  the  Altitude  of  the  Sun,  the  Moon,  or  a 
Star,  and  can  folveaplain  right-angled  Triangle, 
the  following  method  of  finding  the  diftances  of 
the  Sun  and  Moon  will  be  eafily  underftood. 

Let  BAG  be  one  half  of  the  Earth,  AC  its  Fig.i. 
femi-diameter,  S the  Sun,  m the  Moon,  and  EKOL 
a quarter  of  the  Circle  defcribed  by  the  Moon  in 
revolving  from  the  Meridian  to  the  Meridian 
again.  Let  CRS  be  the  rational  Hortfion  of  an 
obferver  at  A,  extended  to  the  Sun  in  the  Hea- 
vens j and  HAO  his  fenfible  Horizon,  extended  to 
the  Moon’s  Orbit.  ALC  is  the  Angle  under  which 
the  Earth’s  femi-diameter  y/C  is  feen  from  the 
Moon  at  Z,  which  is  equal  to  the  Angle  OAL, 
becaufe  the  right  lines  AO  and  CZ,  which  include 
both  thefe  Angles,  are  parallel.  ASC  is  the  Angle 


either  fide,  and  fo  that  the  Horizon  at  X is  ieen  through  the 
fight-holes  a and  by  the  plumb-line  will  cut  or  hang  over  the 
beginning  of  the  degrees  at  o,  in  the  edge  EC  \ but  if  he  ele- 
vates  the  Quadrant  To  as  to  look  through  the  fight-holes  at  any 
part  of  the  Heavens,  fuppofe  the  Sun  at  S,  jull  fo  many  de- 
grees  as  he  elevates  the  fight-hole  b above  the  horizontal  line 
V degrees  will  the  plumb-line  cut  in  the  limb 
^ “ e>f  rhe  Quadrant.  For,  let  the  obferver’s  eye  at  A be  in 
the  center  of  the  celeftial  Arc  A (and  hemaybefaid  to  be 
111  the  center  of  the  Sun’s  apparent  diurnal  Orbit,  let  him  be 
on  ivhat  part  of  the  Earth  he  will)  in  which  Arc  the  Sun  is 
t'nie  fuppofe  25  degrees  high,  and  let  the  obferver 
hold  the  Quadrant  fo  that  he  may  fee  the  Sun  through  the 
fight  holes;  the  plumb-line  freely  playing  on  the  Quadrant 
will  cut  the  25th  degree  in  the  limb  CP,  equal  to  th^umber 

N Wh  Altitude  at  the  time  of  obfervation. 

Whoever  looks  at  the  Sun  muft  have  a fmoked  glafs 
before  his  eyes  to  fave  them  from  hurt.  The  better  waft 

tTe  Oiit^  ^ the  Sun  through  the  fight-holes,  but  to  hold 
^ eye  at  a little  diflance,  and  fo  that  the 

fhtofher  0'^ 


H 4 


under 


104 


^he  Method  of  finding  the  Difiances  ‘ 

under  which  the  Earth’s  femi-diameter  is  feert 
from  the  Sun  at  S,  and  is  equal  to  the  Angle  0/f/, 
becaufe  the  lines  and  CRS  are  parallel.  Now 
it  is  found  by  obfervation,  that  the  Angle  Oy^L  is 
much  greater  than  the  Angle  OJ/-,  but  OyfL  is 
equal  to  ALC,  and  OAf  \%  equal  to  ASC.  Now, 
as  ASC  is  much  lefs  than  ALCy  it  proves  that  the 
Earth’s  femi-diameter  AC  appears  much  greater 
as  feen  from  the  Moon  at  L,  than  from  the  Sun 
at  Sy  and  therefore  the  Earth  is  much  farther 
from  the  Sun  than  from  the  Moon*.  The  Quan- 
tities of  thefe  Angles  may  be  determined  by  ob- 
fervation in  the  following  manner: 

Let  a graduated  inftrument,  asDAEy  (the  larger 
the  better)  having  a moveable  Index  with  Sight- 
holes,  be  fixed  in  fuch  a manner,  that  its  plane 
furface  may  be  parallel  to  the  plane  of  the  Equator, 
and  its  edge  in  the  plane  of  the  Meridian:  fo 
that  when  the  Moon  is  in  the  Equinoftial,  and  on 
the  Meridian  ADEy  (he  may  be  feen  through  the 
fight-holes  when  the  edge  of  the  moveable  Index 
cuts  the  beginning  of  the  divifions  at  o,  on  the  gra- 
duated limb  DEy  and  when  fhe  is  fo  feen,  let  the 
precife  time  be  noted.  Now,  as  the  Moon  revolves 
about  the  Earth  from  the  Meridian  to  theMeridian 
again  in  about  24  hours  48  minutes,  fhe  will  go  a 
fourth  part  round  it  in  a fourth  part  of  that  time, 
viz.  in  6 hours  12  minutes,  as  feen  from  C,  that 
is,  from  the  Earth’s  center  or  pole.  But  as  feen 
from  Ay  the  obl'erver’s  place  on  the  Earth’s  fur- 
face,  the  Moon  will  feem  to  have  gone  a quarter 
round  the  Earth  when  fhe  comes  to  the  fenfible 
Horizon  at  O;  for  the  Index  through  the  fights 
of  which  fhe  is  then  viewed  will  be  at  dy  90  de- 
o-rees  from  D,  where  it  was  when  fiie  was  feen  at 
Now,  let  the  exaft  moment  when  the  Moon 
is  feen  at  0 (which  will  be  when  fhe  is  in  or  near 


* See  the  Note  on  § 
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the  fenfible  Horizon)  be  carefully  noted*,  that 
it  may  be  known  in  what  time  llie  has  gone  from 
£ to  Oj  which  time  fubtradled  from  6 hours  12 
minutes  (the  time  of  her  going  from  £ to  Z)  leaves  The  Moon’* 
the  time  of  her  going  from  O to  Z,  and  affords  an 
eafy  method  for  finding  the  Angle  OAL.  (called 
the  Moon's  Horizontal  Parallax^  which  is  equal  to 
the  Angle  ALC)  by  the  following  Analogy  : As 
the  time  of  the  Moon’s  deferibing  the  Arc  EO  is 
to  90  degrees,  fo  is  6 hours  12  minutes  to  the  de- 
grees of  the  Arc  Dde,  which  meafures  the  Angle 
EAL\  from  which  fubtraft  90  degrees,  and  there 
remains  the  Angle  0/fZ,  equal  to  the  Angle^ZC, 
under  which  the  Earth’s  femi-diameter  is  feen 
from  the  Moon.  Now,  fince  all  the  Angles  of  a 
right-lined  Triangle  are  equal  to  180  degrees,  or 
to  two  right  Angles,  and  the  Tides  of  a Triangle 
are  always  proportionable  to  the  Sines  of  the  oppo- 
fite  Angles,  iay,  by  the  Rule  ofVbree,  as  the  Sine  TheM.o^’s 
of  the  Angle  yfZC,  at  the  Moon  Z,  is  to  its  oppo-  '*«- 
fite  fide  AC,  the  Earth’s  femi-diameter,  which  is 
known  to  be  3985  miles,  fo  is  Radius,  viz.  the 
Sine  of  90  degrees,  or  of  the  right  Angle  ALC, 
to  its  oppofite  fide  AB,  which  is  the  Moon’s  dif- 
tance  at  Z from  the  obferver’s  place  at  A on  the 
Earth’s  furfacej  or,  fo  is  the  Sine  of  the  Angle 
CAL  to  its  oppofite  fide  CL,  which  is  the  Moon’s 
diftance  from  the  Earth’s  center,  and  comes  out 
at  a nnean  rate  to  be  240,000  miles.  The  Ano-le 
CAL  is  equal  to  what  OAL  wants  of  90  degrees. 

19 1,  fhe  Sun  s diftance  from  the  Earth  might  The  Sun’s 
be  tound  the  fame  way,  though  with  more  diffi- 
culty,  if  his  horizontal  Parallax,  or  the  Angle 
equal  to  the  Angle  ASC,  were  not  fo  fmall,  as 
to  be  hardly  perceptible,  being  fcarce  10  feconds  TL'n’.. 
of  a minute,  or  the  360th  part  of  a degree.  But 


. w ^'lowance  muft  be  made  for  the  Refraa’on 

c^of^thrMoon  Horizon,  will 
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the  Moon’s  horizontal  Parallax,  or  Angle  OAL^  ji 
equal  to  the  Angle  ALC,  is  very  difcernible,  be-  }i 
ing  57'  18",  or  3438"  at  its  mean  ftate;  which  is  [1 
more  than  340  times  as  great  as  the  Sun’s:  and, 
therefore,  the  diftances  of  the  heavenly  bodies 
being  inverfely  as  the  Tangents  of  their  horizontal 
Parallaxes,  the  Sun’s  diftance  from  the  Earth  is 
as  lead  340  times  as  great  as  the  Moon’s;  and  is 
rather  under-rated  at  81  millions  of  miles,  when 
the  Moon’s  diftance  is  certainly  known  to  be  240 
thoufand.  But  becaufe,  according  to  fome  Aftro- 
nomers,  the  Sun’s  horizontal  Parallax  is  ii  fe- 
conds,  and  according  to  others  only  10,  the  former 
Parallax  making  the  Sun’s  diftance  to  be  about  I 
75,000,000  of  miles,  and  the  latter  82,000,000;  | 
■we  may  take  it  for  granted,  that  the  Sun’s  diftance 
is  not  lefs  than  as  deduced  from  the  former,  nor 
more  than  as  fhewn  by  the  latter  : and  every  one, 
■who  is  accuftomed  to  make  fuch  obfervations, 
knows  how  hard  it  is,  if  not  impofliole,  to  avoid 
an  error  of  a fecond  ; efpecially  on  account  of  the 
inconftancy  of  horizontal  Refradlions.  And  here 
the  error  of  one  fecond,  in  fo  fmall  an  Angle,  will 
make  an  error  of  7 millions  of  miles  in  fo  great  a 
diftance  as  that  of  the  Sun’s.  But  Dr.  PIalley 
has  fhewn  us  how  the  Sun’s  diftance  from  the 
Earth,  and  confequently  the  diftances  of  all  the 
Planets  from  the  Sun,  may  be  known  to  within 
a 500th  part  of  the  whole,  by  aTranfit  of  Venus 
over  the  Sun’s  Dilc,  which  will  happen  on  the  6th 
oif  une,  in  the  year  1761 ; till  which  time  we  muft 
content  ourfelves  with  allowing  the  Sun  s diftance 
to  be  about  81  millions  of  miles,  as  commonly 
ftated  by  Aftronomers. 

192.  The  Sun  and  Moon  appear  much  about 
the  fame  bulk : And  every  one  who  underftands 
Geometry,  knows  how  their  true  bulks  may  be 
deduced  from  the  apparent,  when  their  real  dil- 
tances  are  known.  Spheres  are  to  one  another  as 
the  Cubes  of  their  Diameters;  whence,  if  the  Sun 
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be  81  millions  of  miles  from  the  Earth,  to  appear 
as  big  as  the  Moon,  whofe  diftance  does  not  ex- 
ceed 240  thoufand  miles,  he  muft,  in  folid  bulk, 
be  42  millions  875  thoufand  times  as  big  as  the 
Moon, 

193.  The  horizontal  Parallaxes  are  beft  ob- 
ferved  at  the  Equator  j i.  Becaufe  the  heat  is  fo 
nearly  equal  every  day,  that  the  Refraftions  are 
almoft  conffantly  the  fame.  2.  Becaufe  the  pa- 
ralladtic  Angle  is  greater  there,  (as  at  A the  dif- 
tance  from  thence  to  the  Earth’s  Axis  being  great- 
er), than  upon  any  parallel  of  Latitude,  as  a or  h. 


194.  The  Earth’s  diftance  from  the  Sun  being  Ther  ta. 
determined,  the  diftances  of  all  the  other  Planets 
from  him  are  eafily  found  by  the  following  ana-  pjanew 
logy,  their  periods  round  him  being  afeertained  suTalt^ 
by  obfervation.  As  the  fquareof  the  Earth’s  pe-  *^nownto 
riod  round  the  Sun  is  to  the  cube  of  its  diftance  fi^n^hougl 
from  the  oun,  fo  is  the  fquare  of  the  period  of  any  their  real 

Other  Planet  to  the  cube  of  its  diftance,  in  fuch  parts  flenoTwdi 
or  meafures  as  the  Earth’s  diftance  was  taken  j *^"°*“* 
fee  § III.  This  proportion  gives  the  relative 
mean  diftances  of  the  Planets  from  the  Sun  to  the 
greateft  degree  of  exaftnefs ; and  they  are  as  fol- 
lows, having  been  deduced  from  their  periodical 

law  juft  mentioned,  which 
was  difcovered  by  Kepler,  and  demonftrated  by 
bir  Isaac  Newton  * . ^ 


.i,„r  following  calculations  on  the  next  page,  exceot 
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thl'r  V)  ^ ^ the  year  1761.  Since  that  t=me 
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Periodical  Revolutions  to  the  fame  fixed  Star  in  days  and  decimal  !i 

-parts  of  a day. 


Mercury  ] 

Venus  1 

The  Earth  j 

Mars  1 

Jupiter  1 

Saturn  I 

Georgian 

87.9692  1 

224  6176  1 

365,2564  1 

686,9785  1 

4332.514  1 

i079-*7S  1 

30456.071; 

Relative  mean 

diftances  from  the  Sun. 

38710  1 

7*333  I 

100000  I 

»S*}69  1 

520096  1 

954006  1 

1908580 : 

From  thefe  numbers  we  deduce,  that  If  the  Sun’s  horizontal  Parallax  be  to",  the  real 
mean  diftances  of  the  Planets  from  the  Sun  in  Englifli  Miles  are 
31,742,200  I 59,313,060  ( 82,000,000  I 124,941,680  I 426,478,720  1 782,284,920  I 1,565,035,60® 
But  if  the  Sun’s  Parallax  be  n",  their  diftances  are  no  more  than 
29,032,500  1 54)»38jS7°  1 7S>o°o.°oo  1 ii4j276.7S°  I 39°>°34»5°°  I 7iS>S°4>50°  I >>43'»43 
Errors  in  diftance  arifing  from  the  miilake  of  i"  in  the  Sun’s  Parallax. 

2,709,700  i 5,074,490  I 7,000,000  1 10,665,830  I 36,444,220  I 66,780.420  I 133,600,60® 
But,  from  the  late  Tranfit  of  Venus,  A.  D.  1761,  the  Sun’s  Parallax  appears  to  be 
only  5 and  according  to  that,  their  real  diftances  in  miles  are 

36,841,468  1 68,891,486  [ 93,173,117  I 145,014  148  I 494  990.976  1 907,956.13°  I 1,816,455,5161 

And  their  diameters,  in  miles,  are 

3IC0  I 9360  1 7970  I 5150  I 93j'oo|  77.990  I 35>»*6t 

195.  Thefe  numbers  fhew,  that  although  we 
have  the  relative  diftances  of  the  Planets  from  the 
Sun  to  the  greateft  nicety,  yet  the  beft  obfervers 
could  not  ascertain  their  true  diftances  until  the 
late  long-wiftied-for  Tranfit  appeared,  in  1761, 
■which  wemuft  confefswasembarraffedwith  feveral 
difficulties.  But  anotherTranfitof  Venus  overthe 
Sun  has  now  been  obferved,  on  the  third  of  June 
1769,  much  better  fuited  to  the  refolution  of  this 
great  Problem  than  that  in  1761  was;  and  the  rc- 
fultof  the  obfervations  does  not  differ  materially 
from  the  refult  of  thofe  in  1761.  Another  tranfit 
will  not  happen  till  the  year  1874* 

196.  The  Earth’s  Axis  produced  to  the  Stars, 
being  carried  parallel  * ro  itfelf  during  the  Earth’s 
annual  revolution,  defcribes  a circle  in  the  Sphere 
of  the  fixed  Stars  equal  to  the  Orbit  of  the  Earth. 

•*  By  this  is  meant,  that  if  a line  be  fuppofed  to  be  drawn 
parallel  to  the  Earth’s  Axis  in  any  part  of  its  Orbit,  the  Axis 
keeps  parallel  to  that  line  in  every  other  part  of  us  Orbit:  as 
in  Fig.  I.  of  Plate  V.  where  abcdefgh  reprefents  the  Earth  s 
Orbit  in  an  oblique  view,  and  It s the  Earth’s  Axis  keeping 
always  parallel  to  the  line  MN. 


But 
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But  this  Orbit,  though  very  large,  would  Teem  no 
bi‘Jf?er  than  a point  if  it  were  viewed  from  the  Poles  fei-m 
Sta?s;  and  confequently  the  circle  defcribed  in 
the  Sphere  of  the  Stars  by  the  Axis  of  the  Earth,  points  ol  the 
produced,  if  viewed  from  the  Earth,  muft  appear 
but  as  a point;  that  is,  its  diameter  appears  too  Handing  the 
little  to  be  meafured  by  obfervation  : for  Dr. 
Bradley  has  aflfured  us,  that  if  it  had  amounted  theSun. 
to  a Tingle  fecond,  or  two  at  moft,  he  fhould  have 
perceived  it  in  the  great  number  of  obfervarions  he 
has  made,  efpecially  upon  y Draconis-,  and  that  it 
feemed  to  him  very  probable  that  the  annual  Pa- 
rallax of  this  Star  is  not  fo  great  as  a Tingle  fecond ; 
and,  confequently,  that  it  is  above  400  thoufand 
times  farther  from  us’ than  the  Sun.  Hence  the 
celeftial  poles  feem  to  continue  in  the  fame  points 
of  the  Heavens  throughout  the  year;  which  by 
no  means  difproves  the  Earth’s  annual  motion,  bur. 
plainly  proves  the  dillance  of  the  Stars  to  be  ex- 
ceeding great. 

J97.  The  fmall  apparent  motion  of  the  Stars, 

§ 1 13,  difcovered  by  that  great  Aftronomer,  he 
found  to  be  no  ways  owing  to  their  annual  Parallax 
(for  it  came  out  contrary  thereto),  but  to  the  Aber- 
ration of  their  light,  which  can  refult  from  no 
known  caufe  befides  that  of  the  Earth’s  annual 
motion;  and  as  it  agrees  fo  exadlly  therewith,  it 
proves,  beyond  difpute,  that  the  Earth  has  fuch  a 
motion:  for  this  Aberration  completes  all  its  va- 
rious Phenomena  every  year;  and  proves  that  the  Theamaz- 
velocity  of  ftar-light  is  fuch  as  carries  it  through  a 
fpace  equal  to  the  Sun’s  diftance  from  us  in  8 mi-  ^ 
nutes  13  feconds  of  time.  Hence  the  velocity  of 
Light  is  * 10  thoufand  210  times  as  great  as  the 
Earth’s  velocity  in  itsOrbit;  which  velocity  (from 
what  we  know  already  of  the  Earth’s  diftance  from 
the  Sun)  may  be  afferted  to  be  at  lead:  between  57 
and  58  thoufand  miles  every  hour:  and  fuppofing 
K to  be  58000,  this  number  multiplied  by 
10210,  gives  592  million  i8o  thoufand  miles  for 
* Smith’s  Optic',  § 1157. 

the 


no 

PLATE 

IV. 


Circle?  of 
the  Sphere. 


Fig.  II. 


Equator, 
Tropics, 
Polar  Cir. 
cles,  and 
Poles. 

Fig.  II. 


Earth’s 

Axis, 


Of  the  different  Seafoni, 

the  hourly  motion  of  Light : which  laft  number 
divided  by  3600,  the  number  of  feconds  in  an 
hour,  ftiews  that  Light' flies  at  the  rate  of  more 
than  164  thoufands  miles  every  fecond  of  time, 
or  fwing  of  a common  clock  pendulum. 

C H A P.  X. 

T!he  Circles  of  the  dole  dejcrihed.  The  different 
lengths  of  days  and  nights^  and  the  viciffttudes  of Jea- 
Jons  explained.  The  explanation  of  the  Phenomena 
of  Saturn' s Ring  concluded.  (See  § 81  and  8a.) 

198.  TF  the  reader  be  hitherto  unacquainted  with 
the  principal  circlesofthe Globe, he  fhould 
now  learn  to  know  themj  which  he  may  do  fuffi- 
ciently  for  this  prefent  purpofe  in  a quarter  of  an 
hour,  if  he  fets  the  ball  of  a terreftrial  Globe  be- 
fore him,  or  looks  at  the  Figure  of  it,  wherein 
thefe  circles  are  drawn  and  named.  The  Equator  \s  . 
that  great  circle  which  divides  the  northern  half  of 
the  Earth  from  the  fouthern.  ThtTropics  are  lelTer 
circles  parallel  to  the  Equator,  and  each  of  them 
is  23  k degrees  from  it ; a degree  in  this  fenfe  being 
the  360th  part  of  any  great  circle  .which  divides 
the  Earth  into  two  equal  parts.  The  Tropic  of 
Cancer  lies  on  the  north  fide  of  the  Equator,  and 
the  Tropic  of  Capricorn  on  the  fouth.  ThtAr^ic 
Circle  has  the  ISorth  Pole  for  its  center,  and  is  juft 
as  far  from  the  North  Pole  as  the  Tropics  are  from 
the  Equator:  and  Antarctic  Circle  (hid  by  the 
fuppofed  convexity  of  the  figure)  is  juft  as  far  from 
the  South  Pole  every  way  round  it.  Thefe  Poles 
are  the  very  north  and  fouth  points  of  the  Globe - 
and  all  other  places  are  denominated  northward  or 
fouthwardy  according  to  the  fide  of  the  Equator 
they  lie  on,  and  the  Pole  to  which  they  are  neareft. 
The  Earth's  Axis  is  a ftraight  line  pafling  through 
the  center  of  the  Earth,  perpendicular  to  the 
Equator,  and  terminating  in  the  Poles  at  its  lutr 
face.  This,  in  the  real  Earth  and  Planets,  is  only 


lit 


Of  the  different  Sea/ons. 

an  imaginary  line;  but  in  artificial  Globes  or  Pla- 
nets it  is  a wire  by  which  they  are  fupported,  and 
turned  round  in  Orreries^  or  fuch  like  machines, 
by  wheel- work.  The  circles  12.  i.  2.  3.  4. 
are  Meridians  to  all  places  they  pafs  through ; and 
we  mull  fuppofe  thoufands  more  to  be  drawn,  be- 
caufe  every  place,  that  is  ever  fo  little  to  the  eaft  or 
weft  of  any  other  place,  has  a different  Meridian 
from  that  other  place.  All  the  Meridians  meet  in 
the  poles ; and  whenever  the  Sun’s  center  is  paffing 
over  any  Meridian  in  his  apparent  motion  round 
the  Earth,  it  is  mid-day  or  noon  to  all  places  on 
that  Meridian. 

199.  The  broad  Space  lying  between  the  Tro- 
pics, like  a girdle  furrounding  the  Globe,  is  called 
the  torrid  Zone^  of  which  the  Equator  is  in  the  mid- 
dle all  around.  The  Space  between  the  Tropic  of 
Cancer  and  Arcffic  Circle  is  called  the  North  tem- 
perate Zone.  That  between  the  Tropic  of  Capri- 
corn and  the  Antar6lic  Circle,  the  South  temperate 
Zone.  And  the  two  circular  Spaces  bounded  by  the 
Polar  Circles  are  the  two  frigid  Zones  \ denomi- 
natedor  fouth,  from  that  Pole  which  is  in' 
the  center  of  the  one  or  the  other  of  them. 


200.  Having  acquired  thiseafy  branch  of  know- 
ledge, the  learner  may  proceed  to  make  the  fol- 
lowing experiment  with  his  terreftrial  ball;  which 
will  give  him  a plain  idea  of  the  diurnal  and  an- 
nual motions  of  the  Earth,  together  with  the  dif- 
ferent lengths  of  days  and  nights,  and  all  the  beau- 
tiful variety  of  feafons,  depending  on  thofe  mo- 
tions. 


^ Take  about  feven  feet  of  ftrong  wire,  and  bene 
It  into  a circular  form,  as  abed,  which  being  viewee 
obliquely,  appears  elliptical  as  in  the  Figure 
Place  a lighted  candle  on  a table,  and  havina  fixec 
one  end  of  a mk  thread  K,  to  the  north  pofe  of  t 
fmall  terreftrial  Globe  H,  about  three  inches  dia 
meter,  caufe  another  perfon  to  hold  the  wirt 
circle,  lo  that  it  may  be  parallel  to  the  table,  anc 
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as  high  as  the  flame  of  the  candle  7,  which  fliould 
be  in  or  near  the  center.  Then,  having  twifted 
the  thread  as  toward  the  left  hand,  that  by  un- 
twiiling  it  may  turn  the  Globe  round  eaftward,  or 
contrary  to  the  way  that  the  hands  of  a watch 
move,  hang  the  Globe  by  the  thread  within  this 
circle,  almoft  contiguous  to  it  j and  as  the  thread 
untwifts,  the  Globe  (which  is  enlightened  half 
round  by  the  candle  as  the  Earth  is  by  the  Sun) 
will  turn  round  its  Axis,  and  the  different  places 
upon  it  will  be  carried  through  the  light  and  dark 
Hemifpheres,  and  have  the  appearance  of  a regular 
fucceffion  of  days  and  nights,  as  our  Earth  has  in 
reality  by  fuch  a motion.  As  the  Globe  turns, 
move  your  hand  flowly,  fo  as  to  carry  the  Globe 
round  the  candle  according  to  the  order  of  the 
letters  abed,  keeping  its  center  even  with  the  wire 
circle;  and  you  will  perceive,  that  the  candle, 
being  flil!  perpendicular  to  the  Equator,  will  en- 
lighten the  Globe  from  pole  to  pole  in  its  whole 
motion  round  the  circle ; and  that  every  place  on 
the  Globe  goes  equally  through  the  light  and  the 
dark,  as  it" turns  round  by  the  untwifting  of  the 
thread,  and  therefore  has  a perpetual  Equinox. 
The  Globe  thus  turning  round  reprefents  the 
Earth  turning  round  its  Axis;  and  the  motion  of 
the  Globe  round  the  candle  reprefents  the  Earth’s 
annual  motion  round  the  Sun,  and  fliews,  that  if 
the  Earth’sOrbit  had  no  inclination  to  its  Axis,  all 
the  days  and  nights  of  the  year  would  be  equally 
long,  and  there  would  be  no  different  feafons. 
But  now,  defire  the  perfon  who  holds  the  wire  to 
hold  it  obliquely  in  the  pofition  ABCD,  raifing 
the  fide  s juft  as  much  as  he  depreffes  the  fide 
Vf,  that  the  flame  may  be  ftill  in  the  plane  of  the 
circle;  and  twifting  the  thread  as  before,  that  the 
Globe  may  turn  round  its  Axis  the  fame  way  as 
you  carry  it  round  the  candle,  that  is,  from  weft 
to  eaft,  let  the  Globe  down  into  the  lowermoft 
part  of  the  wire  circle  attep,  and  if  the  circle  be 
properly  inclined,  the  candle  will  fhine 
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cularly  on  the  Tropic  of  Cancer,  and  t\ve  frigid 
Zone,  lying  within  the  arctic  or  north  polar  Circle, 
will  be  all  in  the  light,  as  in  the  Figure;  and  will 
keep  in  the  light  let  the  Globe  turn  round  its  Axis 
ever  fo  often.  From  the  Equator  to  the  north 
polar  Circle  all  the  places  have  longer  days  and 
(horter  nights;  but  from  the  Equator  to  the  fouth 
polar  circle  juft  the  reverfe.  The  Sun  does  not 
fct  to  any  part  of  the  north  frigid  Zone,  as  (hewn 
by  the  candle’s  ftiining  on  it,  fo  that  the  motion  of 
the  Globfe  can  carry  no  place  of  that  Zone  into  the 
dark  : and  at  the  fame  time  the  fouth  frigid  Zone  is 
involved  in  darknefs,  and  the  turning  of  the  Globe 
brings  none  of  its  places  into  the  light.  If  the 
Earth  were  to  continue  in  the  like  part  of  its 
Orbit,  the  Sun  would  never  fet  to  the  inhabitants 
of  the  north  frigid  Zone,  nor  rife  to  thofe  of  the 
fouth.  At  the  Equator  it  would  be  always  equal 
day  and  night;  and  as  places  are  gradually  more 
and  more  diftant  from  the  Equator,  toward  the 
arJlic  Circle,  they  would  have  longer  days  and 
Ihorter  nights;  while  thofe  on  the  fouth  fide  of 
the  Equator  would  have  their  nights  longer  than 
their  days.  In  this  cafe  there  would  be  continual 
fummer  on  the  north  fide  of  the  Equator,  and  con- 
tinual winter  on  the  fouth  fide  of  it. 

But  as  the  Globe  turns  round  its  Axis,  move 
your  hand  flowly  forward,  fo  as  to  carry  the  Globe 
from  H toward  E,  and  the  boundary  of  light  and 
darknefs  will  approach  toward  the  north  Pole, 
and  recede  from  the  fouth  Pole;  the  northern 
places  will  go  through  lefs  and  lefs  of  the  light, 
and  the  fouthern  places  through  more  and  more 
of  it;  (hewing  how  the  northern  days  decreafe  in 
length,  and  the  fouthern  days  increafe,  while  the 
Globe  proceeds  from  H to  E.  When  the  Globe 
IS  at  E,  it  is  at  a mean  ftate  between  the  loweft 
and  higheft  parts  of  its  Orbit;  the  candle  is  di-  Autumnal 
rettly  over  the  Equator,  the  boundary  of  light 
and  darknefs  juft  reaches  to  both  the  Poles,  and 

1 all 


U4 


Of  the  different  Seafons. 


all  places  on  the  Globe  go  equally  through  the 
light  and  dark  Hemifpheres,  Ibewing  that  the 
days  and  nights  are  then  equal  at  all  places  of  the 
Earth,  the  Poles  only  excepted;  for  the  Sun  is 
then  fetting  to  the  north  Pole,  and  rifing  to  the 
Ibuth  Pole. 

Continue  moving  the  Globe  forward,  and  as  it 
goes  through  the  quarter^,  the  north  Pole  recedes 
Hill  farther  into  the  dark  Hemifphere,  and  the 
fouth  Pole  advances  more  into  the  light,  as  the 
Globe  comes  nearer  to  22;  and  when  it  comes 
there  at  F,  the  candle  is  direbtly  over  the  Tropic 
winter  of  Capticom,  the  days  are  at  the  (horteft,  and 
soiftice.  nights  at  the  longeft,  in  the  northern  Hemifphere, 
all  the  way  from  the  Equator  to  the  arblic  Circle; 
and  the  reverfe  in  the  fouthern  Hemifphere  from 
the  Equator  to  the  antardtic  circle;  within  which 
Circles  it  is  dark  to  the  north  frigid  Zone,  and 
light  to  the  fouth. 

Continue  both  motions,  and  as  the  Globe  moves 
through  the  quarter  B,  the  north  Pole  advances 
toward  the  light,  and  the  fouth  Pole  toward 
the  dark;  the  days  lengthen  in  the  northern  He- 
mifphere, andfliorten  in  the  fouthern;  and  when 
the  Globe  comes  to  G,  the  candle  will  be  again 
over  the  Equator  (as  when  the  Globe  was  at 
£),  and  the  days, and  nights  will  again  be  equal 
Vernal  as  formerly;  and  the  north  Pole  will  be  juft 
E(iuinox.  coming  into  the  light,  the  fouth  Pole  going  out  0 

it. 


Thus  we  fee  the  reafon  why  the  days  lengthen 
and  fhorten  from  the  Equator  to  the  polar  Circles 
every  year;  why  there  is  fometimes  no  day  or  niglu 
for  many  turnings  of  the  Earth,  within  the  polar 
Circles;  why  there  is  but  one  day  and  one  nig  t 
in  the  whole  year  at  the  Poles;  and  why  the  days 
and  nights  are  equally  long  all  the 
the  Equator,  which  is  always  equally  cut  by  th 
circle  bounding  light  and  darkncfs. 


aoi.  The 
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!20i.  The  inclination  of  an  Axis  or  Orbit  is 
merely  relative,  becaiife  we  compare  it  with  fome 
other  Axis  or  Orbit  which  we  confider  as  not  in- 
clined at  all.  Thus,  our  Horizon  being  level  to 
us,  whatever  place  of  the  Earth  we  are  upon,  we 
confider  it  as  having  no  inclination;  and  yet,  if 
we  travel  90  degrees  from  that  place,  we  fhall  then  Fig,  m. 
have  a Horizon  perpendicular  to  the  former;  but 
it  will  ftill  be  level  to  us.  And  if  this  book  be 
held  fo  that  the*  C\tc\q  ABCD  be  parallel  to  the 
Horizon,  both  the  Circle  abed,  and  the  Thread 
or  Axis  K,  will  be  inclined  to  it.  But  if  the  Book 
or  Place  be  held  fo  thatthe  Thread  be  perpendicu- 
lar to  the  Horizon,  then  the  Orbii  ABCD  will  be 
inclined  to  the  Thread,  and  the  Orbit  abed  per- 
pendicular  to  it,  and  parallel  to  the  Horizon.  We 
generally  confider  the  Earth’s  annual  Orbit  as  hav- 
ing no  inclination,  and  the  Orbits  of  all  the  other 
Planets  as  inclined  to  it,  § 20. 

202.  Let  us  now  take  a view  of  the  Earth  in 
its  annual  courfe  round  the  Sun,  confiderino-  its 
Orbit  as  having  no  inclination,  and  its  Axis  as 
inclining  23!  degrees  from  a line  perpendicular  to 
the  plane  of  its  Orbit,  and  keeping  the  fame  ob- 
lique direftion  in  all  parts  of  its  annual  couiTe;  or, 

_as  commonly  termed,  keeping  always  parallel  to 
itfelf,  § 196. 

\^ttaf  ^c^dye^f ygjy  be  the  Earth  in  eight  different  plate  v. 
parts^  of  Its  Orbit,  equidiftant  from  one  another; 

N s its  Axis,  TV  its  north  Pole,  s its  fouth  Pole* 
and  S the  Sun  nearly  in  the  center  of  the  Earth’s 
Orbit,  § 18.  As  the  earth  goes  round  the  Sun 


it  appears  like  a ftraight  litie.. 
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PLATE  V.  according  to  the  order  of  the  letters  ahcd^  &c.  its 
Axis  Ns  keeps  the  fame  obliquity,  and  is  ftill 
A concife  parallel  to  the  line  When  the  Earth  is  at 

feaibn/. ****  its  north  pole  inclines  toward  the  Sun  5,  and 
brings  all  the  northern  places  more  into  the  light 
than  at  any  other  time  of  the  year.  But  when  the 
Earth  is  at  e in  the  oppofite  time  of  the  year,  the 
north  Pole  declines  from  the  Sun,  which  occafions 
the  northern  places  to  be  more  in  the  dark  than  in 
the  light}  and  the  reverfe  at  the  fouthern  places, 
as  is  evident  by  the  Figure,  which  I have  taken 
from  Dr.  Long’s  Aftronomy.  When  the  Earth 
is  either  at  c or  its  Axis  inclines  not  either  to 
or  from  the  Sun,  but  lies  fidewife  to  him;  and 
then  the  Poles  are  in  the  boundary  of  light  and 
darknefs}  and  the  Sun,  being  .directly  over  the 
Equator,  makes  equal  day  and  night  at  all  places. 
When  the  Earth  is  at  it  is  half-way  between 
the  Summer  Solftice  and  Harveft  Equinox;  when 
it  is  at  it  is  half-way  from  the  Harveft  Equinox 
to  the  Winter  Solftice;  at/,  half-way  from  the 
Winter  Solftice  to  the  Spring  Equinox:  and  atZ>, 
half-way  from  the  Spring  Equinox  to  the  Summer 
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203.  From  this  oblique  view  of  the  Earth  s 

3rbir,letusfuppofeourfelves  to  be  raifed  far  above 
t and  placed  juft  over  its  center  5,  looking  down 
jpon  it  from  its  north  Pole;  and  as  the  Eanh’s 
3rbit  differs  but  very  little  from  a Circle,  we  fhall 
lave  its  figure  in  fuch  a view  reprefented  by  the 
:ircle  JBCDEFGH.  Let  us  fuppofe  this  Circle 
■o  be  divided  into  12  equal  pans,  called 
having  their  names  affixed  to  them;  and  each 
Sign  into  30 equal  parts,  called  Degrees^ 

10  20,  30,  as  in  the  outermolt  Circle  of  the 
Figure,  which  reprefents  the  great  Ecliptic  m the 
Heavens.  The  Earth  is  ffiewn  in  eight  diffe^nt 
politions  in  this  Circle,  and  in  each  pofition 
die  EcLuator,  F the  Tropic  of  Cancer,  the  do  d 
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Circle  the  parallel  of  London^  U the  ardic  or  north 
polar  Circle,  and  P the  north  Pole,  where  all  the 
Meridians  or  Hour-Circles  meet,  § 198.  As  the 
Earth  goes  round  the  Sun,  the  north  Pole  keeps 
conftantly  toward  one  part  of  the  Heavens,  as  it 
does  in  the  figure  toward  the  right-hand  fide  of 
the  Plate. 

When  the  Earth  is  at  the  beginning  of  Libra, 
namely,  on  the  20th  of  Marchy  in  this  Figure  (as 
at^in  Fig,  I.)  the  Sun.S,  as  feen  from  the  Earth, 
appears  at  the  beginning  of  Aries,  in  the  oppofirc 
part  of  the  Heavens*,  the  north  Pole  is  juft 
coming  into  the  light,  and  the  Sun  is  vertical  to  Vemai 
the  Equator;  which,  together  with  the  Tropic  of 
Cancer,  parallel  London,  and  arftic  Circle,  are 
all  equally  cut  by  the  Circle  bounding  light  and 
darknefs,  coinciding  with  the  fix-o’clock  Hour- 
Circle,  and  therefore  the  days  and  nights  are 
equally  long  at  all  places:  for  every  part  of  the 
Meridians  jETLa  comes  into  the  light  at  fix  in  the 
morning,  and  revolving  with  the  Earth  according 
to  the  order  of  the  hour-letters,  goes  into  the  dark 
at  fix  in  the  evening.  There  are  24  Meridians  or 
Hour-Circles  drawn  on  the  Earth  in  this  Figure,  to 
ftiew  the  Time  ofSunrifing  and  fetting  at  different 
Seafons  of  the  year. 

As  the  Earth  moves  In  the  Ecliptic  according  to 
the  order  of  the  letters  ABCl),  &c.  through 
the  Signs  Libra,  Scorpio,  and  Sagittarius,  the 
north  Pole  P comes  more  and  more  into  the  lighti 
the  days  increafe  as  the  nights  decreafe  in  length, 
at  all  places  north  of  the  Equator  which  is 
plain  by  viewing  the  Earth  at'^  on  the  5th  of 
when  it  is  in  the  15th  degree  of  Scorpio  ■}■,  and 


Here  we  muft  fuppofe  the  Sun  to  be  no  bigger  than  an 
ordinary  point  (ss  .)  becaufe  he  only  covers  a Circle  half  a 
degree  in  diameter  in  the  Heavens;  whereas  in  the  figure  he 
hides  a whole  fign  at  once  from  the  Earth. 

t Here  we  mull  fuppofe  the  Earth  to  be  a much  fmaller 
point  than  that  in  the  preceding  note  marked  for  the  Sun. 
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the  Sun,  asfeen  from  the  Earth,  appears  in  the  15th 
degree  of  T aurus.  For  then,  the  T ropic  of  Cancer 
2"  is  in  the  light  from  a little  after  five  in  the  morn- 
ing till  almoft  feven  in  the  evening;  the  parallel 
of  London  from  half  a hour  paft  four  till  half  a 
hour  paft  feven  ; the  polar  Circle  C/from  three  till 
nine;  and  a large  track  round  the  north  Pole  P 
has  day  all  the  24  hours,  for  many  rotations  of  the 
Earth  on  its  Axis. 

When  the  Earth  comes  to  r,  at  the  beginning 
of  Capricorn,  and  the  Sun,  as  feen  from  the  Earth° 
appears  at  the  beginning  of  Cancer,  on  the  21ft 
of  June^  as  in  this  Figure,  it  is  in  the  pofition  a 
in  Fig.  I. ; and  its  north  Pole  inclines  toward  the 
Sun,  fo  as  to  bring  all  the  north  frigid  Zone  into 
the  light,  and  the  northern  parallels  of  Latitude 
more  into'the  light  than  the  dark  from  the  Equa- 
tor to  the  polar  Circle;  and  the  more  fo  as  they 
are  farther  from  the  Equator.  The  Tropic  of 
Cancer  is  in  the  light  from  five  in  the  morning 
till  feven  at  night;  the  parallel  of  London  from  a 
quarter  before  four  till  a quarter  after  eight;  and 
the  polar  Circle  juft  touches  the  dark,  I'o  that  the 
Sun  has  only  the  lower  half  of  his  Difc  hid  from 
the  inhabitants  on  that  Circle  for  a few  minutes 
about  midnight,  fuppofing  no  inequalities  in  the 
Horizon,  and  no  refraftions. 

A bare  view  of  the  Figure  is  enough  to  fliew, 
that  as  the  Earth  advances  from  Capricorn  toward 
Aries,  and  the  Sun  appears  to  move  from  Cancer 
toward  Libra,  the  north  Pole  advances  toward  the 
dark,  which  caufes  the  days  to  decreafe,  and  the 
nights  to  increafe  in  length,  till  the  Earth  comes 
to  the  beginning  of  Aries,  and  then  they  are  equal 
as  before;  for  the  boundary  of  light  and  darkncfs 
cuts  the  Equator  and  all  its  parallels  equally,  or 
in  halves.  The  north  Pole  then  goes  into  the 
dark,  and  continues  in  it  until  the  Earth  goes 
half  way  round  its  Orbit;  or,  from  the  23d  of 
September  till  the  20th  of  March.  In  the  middle 
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between  thefe  times,  •viz.  on  the  2 2d  of  December y 
the  north  Pole  is  as  far  as  it  can  be  in  the  dark, 
which  is  23^  degrees,  equal  to  the  inclination  of  winter 
the  Earth’s  Axis  from  a perpendicular  to  its 
Orbit : and  then  the  northern  parallels  are  as 
much  in  the  dark  as  they  were  in  the  light  on  the 
2ift  of  June;  the  winter  nights  being  as  long  as 
the  fummer  days,  and  the  winter  days  as  Ihorc  as 
the  fummer  nights.  It  is  needlefs  to  enlarge  far- 
ther on  this  fubjedt,  as  we  (hall  have  occafion  to 
mention  the  feafons  again  in  deferibing  the  Orreryy 
§ 397.  Only  this  muft  be  noted,  that  whatever  has 
been  faid  of  the  northern  Hemifphere,  the  con- 
trary muft  be  underftood  of  the  fouthernj  for  on 
different  fides  of  the  Equator  the  feafons  are  con- 
trary, becaufe,  when  the  northern  Hemifphere 
inclines  toward  the  Sun,  the  fouthern  declines 
from  him. 

204.  As  Saturn  goes  round  the  Sun,  his  ob-  The  Phfno* 
liquely  pofited  ring,  like  our  Earth’s  Axis,  keeps 
parallel  to  itfelf,  and  is  therefore  turned  edgewife 
to  the  Sun  twice  in  a Saturnian  year,  which  is  al- 
rnoft  as  long  as  30  of  our  years,  § 81.  But  the 
ring,  though  confiderably  broad,  is  too  thin  to  be 
feen  by  us  when  it  is  turned  edgewife  to  the 
Sun,  at  which  rime  it  is  alfo  edgewife  to  the 
Earth  j and  therefore  it  difappears  once  in  every 
hfteen  years  to  us.  As  the  Sun  fhines  half  a year 
together  on  the  north  Pole  of  our  Earth,  then  dif- 
appears to  it,  and  fhines  as  long  on  the  fouth 
^ole ; fo,  during  one  half  of  Saturn’s  year,  the 
bun  fhines  on  the  north  fide  of  his  ring,  then  dif- 

hde.  When  the  Earth’s  Axis  inclines  neither  to 
nor  ^om  the  Sun,  but  fidewife  to  him,  he  in- 
Itantiy  ceafes  to  fhine  on  one  Pole,  and  begins  to 
enlighten  the  other  j and  when  Saturn’s  ring  in- 
clines neither  to  nor  from  the  Sun,  but  fidewife 
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to  him,  he  ceafes  to  fliine  on  the  one  fide  of  it,  and 
begins  to  fliine  upon  the  other. 

Let  S be  ihe  <S«»,  ABCDEFGH  Orbit, 

and  IKLMNO  the  Earth’s  Orbit.  Both  Saturn 
and  the  Earth  move  according  to  the  order  of  the 
letters,  and  when  Saturn  is  at  A his  ring  is  turned 
edgewife  to  the  Sun  5,  and  he  is  then  feen  from 
the  Earth  as  if  he  had  loft  his  ring,  let  the  Earth 
be  in  any  part  of  its  Orbit  whatever,  except  be- 
tween IN  and  O;  for  while  it  defcribes  that  fpace, 
Saturn  is  apparently  fo  near  the  Sun  as  to  be  hid 
in  his  beams.  As  Saturn  goes  from  A to  C,  his 
ring  appears  more  and  more  open  to  the  Earth : 
at  C the  ring  appears  moft  open  of  all  j and  I'eems 
to  grow  narrower  and  narrower  as  Saturn  goes 
from  C to  £;  and  when  he  comes  to  E,  the  ring 
is  again  turned  edgewife  both  to  the  Sun  and 
Earth;  and  as  neither  of  its  Tides  are  illuminated, 
it  is  invifible  to  us,  becaufe  its  edge  is  too  thin 
to  be  perceptible ; and  Saturn  appears  again  as  if 
he  had  loft  his  ring.  But  as  he  goes  from  E to 
G,  his  ring  opens  more  and  more  to  our  view  on 
the  under  fide;  and  Teems  juft  as  open  at  G as  it 
was  at  C;  and  may  be  Teen  in  the  night-time  from 
the  Earth  in  any  part  of  its  Orbit,  except  about 
M,  when  the  Sun  hides  the  Planet  from  our  view. 
As  Saturn  goes  from  G to  Ai  his  ring  turns  more 
and  more  edgewife  to  us,  and  therefore  it  Teems 
to  grow  narrower  and  narrower;  and  at  A it  diT- 
appears  as  before.  Hence,  while  Saturn  goes  from 
A to£,  the  Sun  fliines  on  the  upper  fide  of  his 
ring,  and  the  under  fide  is  dark;  and  while  he 
goes  from  E to  Ay  the  Sun  fliincs  on  the  under 
fide  of  his  ring,  and  the  upper  fide  is  dark. 

It  may  perhaps  be  imagined  that  this  Article 
might  have  been  placed  more  properly  after  § 8 1, 
than  here;  but  when  the  candid  reader  confiders 
that  all  the  various  Phenomena  of  Saturn’s  Ring 
depend  upon  acauTe  fimilar  to  that  of  our  Earth  s 
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feafons,  he  will  readily  allow  that  they  are  beft  ex- 
plained  together;  and  that  the  two  Figures  ferve 
to  illuftrate  each  other. 

205.  The  Earth’s  Orbit  being  elliptical,  and  the 
Sun  keeping  conftantly  in  its  lower  Focus,  which  Suninwin. 
is  1,377,000  nniles  from  the  middle  point  of  the 
longer  Axis,  the  Earth  comes  twice  fo  much,  or 
2,754,000  miles  nearer  the  Sun  at  one  time  of  the 
year  than  at  another : for  the  Sun  appearing  under 
a larger  Angle  in  our  winter  than  fummer,  proves 
that  theEarth  is  nearer  the  Sun  in  winter  ( fee  the  Note 
on  Article  \ %f).  But  here  this  natural  queftion  will 
arife,  why  have  we  not  the  hotteft  weather  when 
the  Farth  is  neareft  the  Sun  ? In  anfwer  it  muft  be 
obferved,  that  the  excentricity  of  the  Earth’s  Or-  why  the 

, . MI  weither  is 

bit,  or  1,377,000  miles,  bears  no  greater  pro-  ^ideft 
portion  to  the  Earth’s  mean  diftance  from  the  ^n, 
than  17  does  to  looo;  and  therefore  this  fmall  dif-  neareiiih* 
ference  of  diftance  cannot  occafion  any  great  dif- 
ference  of  heat  or  cold.  But  the  principal  caufe  of 
this  difference  is,  that  in  winter  the  Sun’s  rays  fall 
fo  obliquely  upon  us,  that  any  given  number  of 
them  is  fprcad  over  a much  greater  portion  of  the 
Earth’s  furface  where  we  live,  and  therefore  each 
point  muft  then  have  fewer  rays  than  in  fummep. 
Moreover,  there  comes  a greater  degree  of  cold  in 
the  long  winter  nights,  than  there  can  return  of 
heat  in  lo  fhortdays;  and  on  both  thefe  accounts 
the  cold  muft  increafe.  But  in  fummer  the  Sun’s 
rays  fall  more  perpendicularly  upon  us,  and  there- 
fore come  with  greater  force,  and  in  greater  num- 
bers on  the  fame  place  ; and  by  their  long  conti- 
nuance, a much  greater  degree  of  heat  is  imparted 
by  day  than  can  fly  off  by  night. 

206.  That  a greater  number  of  rays  fall  on  the 
fame  place,  when  they  come  perpendicularly,  than 
when  they  come  obliquely  on  it,  will  appear  by 
the  figure,  for,  let  AB  be  a certain  number  of  Fig,  ir, 
the  Sun’s  rays  falling  on  CD  (which  let  us  fup- 
pofe  to  be  London')  on  the  21ft  of  '"June:  but,  on 

the 
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the  izd  of  DecemheVy  the  line  CZ),  or  London^  has 
the  oblique  pofition  Cd  to  the  fame  rays;  and 
therefore  fcarce  a third  part  of  them  falls  upon  it, 
or  only  thofe  between  A and  e\  all  the  reft  eB  be- 
ing expended  on  the  fpace  dPy  which  is  more  than 
double  the  length  of  CD  or  Cd.  Befides,  thofe 
parrs  which  are  once  heated,  retain  the  heat  for 
Ibme  rime;  which,  with  the  additional  heat  daily 
imparted,  makes  it  continue  to  increafe,  though 
the  Sun  declines  toward  the  South:  and  this  is  the 
reafon  why  July  is  hotter  than  Juney  although  the 
Sun  has  withdrawn  from  the  Summer  Tropic  ; as 
we  find  it  is  generally  hotter  at  three  in  the  after- 
noon, when  the  Sun  has  gone  toward  the  weft, 
tlian  at  noon  when  he  is  on  the  Meridian.  Like- 
wife,  thofe  places  which  are  well  cooled  require 
time  to  be  heated  again  ; for  the  Sun’s  rays  do 
^ not  heat  even  the  I'urface  of  any  body  till  they 

have  been  fome  time  upon  ir.  And  therefore  we 
find  January  for  the  moft  part  colder  than  Decem- 
ber, although  the  Sun  has  withdrawn  from  the 
winter  Tropic,  and  begins  to  dart  his  beams  more 
perpendicularly  upon  us,  when  we  have  the  pofi- 
tion  CF.  An  iron  bar  is  not  heated  immediately 
upon  being  put  into  the  fire,  nor  grows  cold  till 
fome  time  after  it  has  been  taken  out. 

CHAP.  XI. 

Fhe  Method  of  finding  the  Longitude  by  the  Eclipfes 
of  lupiteds  Satellites : The  amazing  Velocity  of 
Light  demonfirated  by  theje  Eclifjes. 

Firo  Mrfi-  207.  Eographers  arbitrarily  choofe  to  call  the 

Meridian  of  fome  remarkable  place 
firfi  Meridian.  There  they  begin  their  reckoning; 
and  juft  fo  many  degrees  and  minutes  as  any  other 
place  is  to  the  eaftward  or  weftward  of  that  Meri- 
dian, fo  much  ealt  or  weft  Longitude  they  fay  it 
has.  A degree  is  the  360th  part  of  a Circle,  be  it 

great 
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great  or  fmall;  and  a minute  the  6oth  part  of  a plate  v. 
degree.  The  Englijh  Geographers  reckon  the 
Longitude from  the  Meridian  of  the  Royal  Obfer- 
vatory  at  Greenwich^  and  the  French  from  the  Me- 
ridian of  Parh. 

208.  If  we  imagine  twelve  great  Circles,  one  Fig.  11. 
of  which  is  the  Meridian  of  any  given  pkce,  to 
interred  each  other  in  the  two  Poles  of  the  Earth, 

and  to  cut  the  Equator  M at  every  15th  degree, 
they  will  be  divided  by  the  poles  into  24  Semi-cir- 
cles, which  divide  theEquator  into  24  equal  parts; 
and  as  the  Earth  turns  on  its  Axis,  the  planes  of 
thefe  Semi-circles  come  fucceffively  one  after  ano- 
ther every  hour  to  the  Sun.  As  in  a hour  of  Hourcir- 
time  there  is  a revolution  of  fifteen  degrees  of  the 
Equator,  in  a minute  of  time  there  will  be  a revo- 
luion  of  15  minutes  of  the  Equator,  and  in  a fe- 
cond  of  time  a revolution  of  15  feconds.  There  A hour  of 
are  two  tables  annexed  to  this  Chapter,  for  re- 
ducing  mean  lolar  time  into  degrees  and  minutes  g'ee.ufmo- 
of  the  terreftrial  Equator ; and  alfo  for  converting 
degrees  and  parts  of  the  Equator  into  mean  folar 
time. 

209.  Becaufe  the  Sun  enlightens  only  one  half 
of  the  Earth  at  once,  as  it  turns  round  its  Axis, 
he  rifes  to  fome  places  at  the  fame  moment  of  ab- 
folute  Time  that  he  fets  at  to  others ; and  when  it  is 
mid-day  to  fome  places,  it  is  mid-night  to  others. 

The  XII  on  the  middle  of  the  Earth’s  enlightened 
fide,  next  the  Sun,  Hands  for  mifl-day;  and  the 
oppofite  XII,  on  the  middle  of  the  dark  fide,  for 
mid-night.  If  we  fuppofe  this  Circle  of  hours  to 
be  fixed  in  the  plane  of  the  Equinodial,  and  the 
Earth  to  turn  round  within  it,  any  particular  Me- 
ridian will  come  to  the  different  hours  fo,  as  to 
fhew  the  true  time  of  the  day  or  night  at  all 
places  on  that  Meridian.  Therefore, 

210.  To  every  place  15  degrees  eaftward  from 
any  given  Meridian,  it  is  noon  a hour  fboner  than 
on  that  Meridian;  becaufe  their  Meridian  comes 
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to  the  Sun  a hour  fooner;  and  to  all  places  15 
degrees  weftward,  ic  is  noon  a hour  later,  § 208, 
becaufe  their  Meridian  comes  a hour  later  to  the 
Sun;  andfo  on:  every  15  degrees  of  motion  cauf- 
ing  a hour’s  difference  of  time.  Therefore  they 
who  have  noon  a hour  later  than  we,  have  their 
Meridian,  that  Is,  their  Longitude,  15  degrees 
weftward  from  usj  and  they  who  have  noon  a 
hour  fooner  than  we,  have  their  Meridian  15  de- 
grees eaftward  from  ours : and  fo  for  every  hour’s 
difference  of  time  15  degrees  difference  of  Longi- 
tude. Cbnfequently,  if  the  beginning  or  ending 
of  a Lunar  Eclipfe  be  obferved,  fuppofe  at  London^ 
to  be  exaftly  at  mid-night,  and  in  forne  other  place 
at  II  at  night,  that  place  is  15  degrees  weftward 
from  the  Meridian  of  London : if  the  fame  Eclipfe 
be  obferved  at  one  in  the  morning  at  another  place, 
that  place  is  15  degrees  eaftward  from  the  faid 
Meridian. 

211.  But  as  it  is  not  eafy  to  determine  the  exa<ft 
moment  either  of  the  beginning  or  ending  of  a 
LunarEclipfe,  becaufe  the  Earth’s  fhadow  through 
which  the  Moon  paffes  is  faint  and  ill-defined 
about  the  edges,  we  have  recourfe  to  the  Eclipfes 
of  Jupiter’s  Satellites,  which  difappear  much  more 
quickly  as  they  enter  into  Jupiter’s  fhadow,  and 
emerge  more  fuddenly  out  of  it.  The  firft  or  near- 
eft  Satellite  to  Jupiter  is  the  moft  advantageous  for 
this  purpofe,  becaufe  its  motion  is  quicker  than 
the  motion  of  any  of  the  reft,  and  therefore  its  im- 
merfions  and  emerfions  are  more  frequent  and  more 
fudden  than  thole  of  others  are. 

212.  The  Englijh  Aftronomers  have  calculated 
Tables  for  (hewing  the  times  of  the  Eclipfes  of 
Jupiter’s  Satellites  to  great  precifion,  for  the  Me- 
ridian at  Greenwich.  Now,  let  an  obferver,  who 
has  thefeTables,  with  a good  Telefcope  and  a well- 
fegulated  Clock,  at  any  other  place  of  the  Earth, 
pbferve  the  beginning  or  ending  of  an  Ecliple  of 
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one  of  Jupiter’s  Satellites,  and  not  the  precife  mo-  pjlatev* 
ment  of  time  that  he  faw  the  Satellite  either  im- 
merge  into,  or  emerge  out  of  the  fhadow,  and  important 
compare  that  time  with  the  time  fhewn  by  the 
Tables  for  Greenwich  \ then  15  degrees  difference 
of  Longitude  being  allowed  for  every  hour’s  dif- 
ference of  time,  will  give  the  Longitude  of  that 
place  from  Greenwich ^ as  above,  §210;  and  if 
there  be  any  odd  minutes  of  time,  for  every  mi- 
nute a quarter  of  a degree,  eaft  or  weft,  muft  be 
allowed,  as  the  time  of  obfervation  is  later  or  ear- 
lier than  the  time  fhewn  by  the  Tables.  Such 
Ecllpfes  are  very  convenient  for  this  purpofe  at 
land,  becaufe  they  happen  almoft  every  day  j but 
are  of  no  ufe  at  fea,  becaufe  the  rolling  of  the  ftiip 
hinders  all  nice  telefcopical  obfervations. 

213.  To  explain  this  by  a Figure,  let  J be  Fig.m 
Jupiter,  K,  Z,  M,  N,  his  four  Satellites  in  their 
refpeftive  Orbits  i,  2,  3,  4;  and  let  the  Earth  be 
at/,  fuppofe  in  Novembery  although  that  Month 
is  no  otherwife  material  than  to  find  the  Earth 
readily  in  this  feheme,  where  it  is  fhewn  in  eight 
different  parts  of  its  Orbit.  Let  ,^be  a place  on 


the  Mer\^\^n  o{  Greenwich y and  R a place  on  iiiuffrated 
iome  other  Meridian  eaftward  from  Greenwich . 

Let  aperfon  at  Zobferve  the  inftantaneous  vanifh- 
ing  of  the  firft  Satellite  K into  Jupiter’s  fhadow, 
fuppofe  at  three  in  the  morningj  but  by  the 
Fables  he  finds  the  immerfion  of  that  Satellite  to 
be  at  mid-night  at  Greenwich:  he  can  then  imme- 
diately determine,  that,  as  there  are  three  hours 
difference  of  time  between  9 and  A*,  nnri  o 
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lltes  into  his  lhadow  are  generally  feen  ; and  their 
emerfions  out  of  it  while  the  Earth  goes  from  G 
to  B.  Indeed,  both  thefe  appearances  may  be 
feen  of  the  fecond,  third,  and  fourth  Satellite  when 
eclipfed,  while  the  Earth  is  between  D and  ii, 
or  between  G and  yf;  but  never  of  the  tirft  Sa- 
tellite, on  account  of  the  fmallnefs  of  its  Orbit 
and  the  bulk  of  Jupiter  j except  only  when  Ju- 
piter is  diredly  oppofite  to  the  Sun,  that  is,  when 
the  Earth  is  at  g:  and  even  then,  ftridlly  fpeak- 
ing,  we  cannot  fee  either  the  immerfions  or  emer- 
lions  of  any  of  his  Satellites,  becaufe  his  body 
being  diredly  between  us  and  his  conical  fhadow, 
his  Satellites  are  hid  by  his  body  a few  moments 
before  they  touch  his  fliadow  •,  and  are  quite 
emerged  from  thence  before  we  can  fee  them,  as  it 
were,  juft  dropping  from  behind  him.  And  when 
the  Earth  is  at  c,  the  Sun,  being  between  it  and 
Jupiter,  hides  both  him  and  his  moons  from  us. 

In  this  Diagram,  the  Orbits  of  Jupiter’s  Moons 
are  drawn  in  true  proportion  to  his  diameterj  but 
in  proportion  to  the  Earth’s  Orbit,  they  are  drawn 
8 1 times  too  large. 

215.  In  whatever  month  of  the  year  Jupiter  is 
in  conjunftion  with  the  Sun,  or  in  oppofition  to 
him,  in  the  next  year  it  will  be  a month  later  at 
leaft.  For  while  the  Earth  goes  once  round  the 
Sun,  Jupiter  defcribes  a twelfth  part  of  his  Orbit. 
And  therefore,  when  the  Earth  has  finifhed  its 
annual  period  from  being  in  a line  with  the  Sun 
and  Jupiter,  it  muft  go  as  much  forwarder  as 
Jupiter  has  moved  in  that  time,  to  overtake  him 
attain:  juft  like  the  minute-hand  o(  a watch, 
which  muft,  from  any  conjunftion  with  the  hour- 
hand,  go  once  round  the  dial-plate  and  iomewhat 
above  a twelfth  part  more,  to  overtake  the  hour- 
hand  again. 


216.  It  is  found  by  obfervation,  that  when  the 

rth  is  between  the  Sun  and  Jupiter,  as  at his 

Satellites 


T be  Motion  of  Light  demonjlratsd. 

Satellites  are  eclipfed  about  8 minutes  fooner  than, 
they  fliould  be  according  to  the  Tables  j and 
when  the  Earth  is  at  B or  6’,  thefe  Ediplcs  hap- 
pen about  8 minutes  later  than  the  Tables  preditb 
them.  Hence  it  is  undeniably  certain,  that  the 
motion  of  Light  is  not  inftantaneous,  fince  ic 
takes  about  minutes  of  time  to  go  through  a 
fpace  equal  to  the  diameter  of  the  Earth’s  Orbit, 
which  is  190  millions  of  miles  in  lengthy  and  con- 
fequently  the  particles  of  Light  fly  about  193 
thoufand  939  miles  every  fecond  of  time,  which 
is  above  a million  of  times  fwifter  than  the  motion 
of  a cannon-ball.  And  as  light  is  16^  minutes 
in  travelling  acrofs  the  Earth’s  Orbit,  it  mull  be 
minutes  in  coming  from  the  Sun  to  us ; there- 
fore, if  the  Sun  were  annihilated,  we  fhould  fee 
him  for  8|  minutes  after ; and  if  he  were 
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created,  he  would  be  8^  minutes  old  before  we 
could  fee  him. 

217.  To  explain  the  progrefllve  motion  of  Fig.  v. 
Eight,  let  ./f  and  5 be  the  Earth,  in  two  different 
parts  of  its  Orbit,  whofe  diftance  from  each  other 
is  95  millions  of  miles,  equal  to  the  Earth’s  dif- 
tance  from  the  Sun  S.  It  is  plain,  that  if  the 
motion  or  Light  were  inftantaneous,  the  Satellite  Figure. 
I would  appear  to  enter  into  Jupiter’s  fliadovv  FF 
at  the  fame  moment  of  time  to  a fpe(ft:ator  in  /7as 
to  another  in  5.  But  by  many  years  obfervations 
It  has  been  found,  that  the  immerfion  of  the 
Satellite  mm  the  ftiadow  is  feen  8 J.  minutes  fooner 
when  the  Earth  is  at  B,  than  when  it  is  at  A 
And  fo  as  Mr.RoEMER  firft  difeovered,  the  mo- 
tion  of  Light  IS  thereby  proved  to  be  progrclfive 
and  not  inftantaneous,  as  was  formerly  believed! 
t IS  ealy  to  compute  in  what  rime  the  Earth 
moves  from^  ,oB,  for  the  Chord  of  60  dem^e 
cf  any  Circle  is  equal  to  the  Semi-diamectr  of 

through  all  the 

60  of  thole  degrees  in  about  5i  days.  Therefore, 

• if 


1 1 8 The  Motion  of  Light  demf>tiflrated. 

If  on  any  given  day,  fuppofe  the  firft  of  June^  the 
Earth  is  at  on  the  firft  of  Auguji  it  will  be  at 
B:  the  chord,  or  ftraight  line  being  equal  to 
DSy  the  Radius  of  the  Earth’s  Orbit,  the  fame 
with  ASy  its  diftance  from  the  Sun. 

21 8.  As  the  Earth  moves  from  D to  C,  through 
the  fide  AB  o(  its  Orbit,  it  is  conftantly  meeting 
the  light  of  Jupiter’s  Satellites  fooner,  which  oc- 
Cafions  an  apparent  acceleration  of  their  Eclipfes : 
and  as  it  moves  through  the  other  half  H its 
Orbit  from  Cto  D,  it  is  receding  from  their  light, 
which  occafions  an  apparent  retardation  of  their 
Eclipfes,  becaufe  their  light  is  then  longer  before 
it  overtakes  the  Earth. 

2 1 9.  That  thefe  accelerations  of  the  immerfions 
of  Jupiter’s  Satellites  into  his  ftiadow,  as  the  Earth 
approaches  toward  Jupiter,  and  the  retardations 
of  their  emerfions  out  of  his  (hadow,  as  the  Earth 
is  going  from  him,  are  not  occafioned  by  any  ine- 
quality arifing  from  the  motions  of  the  Satellites 
in  excentric  Orbits,  is  plain,  becaufe  it  affefts 
them  all  alike,  in  whatever  parts  of  their  Orbits 
they  are  eclipfed.  Befides,  they  go  often  round 
their  Orbits  every  year,  and  their  motions  are  no 
way  commenfurate  to  the  Earth’s.  Therefore,  a 
Phenomenon,  not  to  be  accounted  for  from  the 
real  motions  of  the  Satellites,  but  fo  eafily  dedu- 

' cible  from  the  Earth’s  motion,  and  fo  anfwerable 
thereto,  muft  be  allowed  to  refult  from  it./  This 
affords  one  very  good  proof  of  the  Earth’s  annual 
motion. 


220,  TABLES 
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720.  TABLES  for  converting  mean  folar  Time  into  Degrees  and 
Parts  of  the  terreftrial  Equator  ; and  alfo  for  converting 
Degrees  and  Parts  of  the  Equator  into  mean  folar  Time. 


Table  I.  For  con  verting  Time  into 
Degree;!  and  Parts  of  the  Equator. 
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J ^'olar  and  Sydereal  Time, 

Thefe  are  the  Tables  mentioned  in  the  208th 
article,  and  are  fo  eafy  that  they  fcarce  require 
any  farther  explanation  than  to  inform  the  reader, 
that  if,  in  Table  I.  he  reckons  the  columns  marked 
with  Afterifks  to  be  minutes  of  time,  the  other 
columns  give  the  equatoreal  parts  or  motion  in 
degrees  and  minutes;  if  he  reckons  the  Afterifk 
columns  to  be  feconds,  the  others  give  the  motion 
in  minutes  and  feconds  of  the  Equator;  if  thirds, 
in  feconds  and  thirds:  And  i f in  Table  II.  he 
reckons  the  Afterilk  columns  to  be  degrees  of 
motion,  the  others  give  the  time  anfwering  thereto 
in  hours  and  minutes;  if  minutes  of  motion,  the 
time  is  minutes  and  feconds ; if  feconds  of  motion, 
the  correfponding  time  is  given  in  feconds  and 
thirds.  An  example  in  each  cafe  will  make  the 
whole  very  plain. 


Example  I. 

In  10  hours  15  mi- 
nutes 24  feconds  20 

thirds,  How  much 
of  the  Equator  revolves 
through  the  Meridian  ? 

Deg.  M.  S. 
Hours  10  150  o o 

Min.  15  3 45  o 

Sec.  24  60 

Thirds  20  5 


Anjwer  153  51  5 


Example  II. 

In  what  time  will  153 
degrees  51  minutes  5 fe- 
conds of  the  Equator 
revolve  through  the  Me- 
ridian ? 


H.  M.  S.  T 
50  10  o o Q 
3 12  o o 

Min.  51  3 24  o 

Sec.  5 20 


Deg.^^ 


Anjwer  10  1 5 24  ao 


Sydereal 
days  fliorter 
than  fclar 
days,  and 
why. 


C H A F.  XII. 

Of  Solar  and  Sydereal  Time. 

221.  rr^HE  Stars  appear  to  go  round  the  Earth 
in  2j  hours  56  minutes  4 feconds,  and 
the  Sun  in  24  hours : fo  that  the  Stars  gain  three 
minutes  56  feconds  upon  the  Sun  every  day,  which 

9 amounts 
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amounts  to  one  diurnal  revolution  in  a year;  and 
therefore,  in  365  days,  as  meafured  by  the  returns 
of  the  Sun  to  the  Meridian,  there  are  366  days,  as 
meafured  by  the  Stars  returning  to  it;  the  former 
are  called  So/ar  Days,  and  the  latter  Sydereal. 

The  diameter  of  the  Earth’s  Orbit  is  but  a phy- 
fical  point  in  proportion  to  the  diftance  of  the 
Stars ; for  which  reafon,  and  the  Earth’s  uniform 
motion  on  its  Axis,  any  given  Meridian  will  re- 
volve from  any  Star  to  the  fame  Star  again  ia 
every  abfolute  turn  of  the  Earth  on  its  Axis,  with- 
out the  lead  perceptible  difference  of  time  fliewn 
by  a Clock  which  goes  exadtly  true. 

If  the  Earth  had  only  a diurnal  motion,  with- 
out an  annual,  any  given  Meridian  would  revolve 
from  the  Sun  to  the  Sun  again  in  the  fame  quan- 
tity of  time  as  from  any  Star  to  the  fame  Star 
again ; becaufe  the  Sun  would  never  change  his 
place  with  refpeft  to  the  Stars.  But,  as  the  Earth 
advances  almoft  a degree  eaftward  in  its  Orbit  in 
the  time  that  it  turns  eaftward  round  its  Axis, 
whatever  Star  paffes  over  the  Meridian  on  any  day 
with  the  Sun,  will  pafs  over  the  fame  Meridian  on 
the  next  day  when  the  Sun  is  almoft  a degree  fhort 
of  it;  that  is,  3 minutes  56  feconds  fooner.  If 
the  year  contained  only  360  days,  as  the  Ecliptic 
does  360  degrees,  the  Sun’s  apparent  place,  fo  far 
as  his  motion  is  equable,  would  change  a degree 
every  day ; and  then  the  fydereal  days  woulcT  be 
juft  4 minutes  fhorcer  than  the  folar. 

■ the  Earth’s  Orbit,  Fig.ii, 

in  which  It  goes  round  the  Sun  every  year  accord- 
ing to  the  order  of  the  letters,  that  is,  from  weft  to 
tall ; and  turns  round  its  Axis  the  fame  way  from 
the  bun  to  the  Sun  again  in  every  24  hours.  Let  S 
be  the  Sun,  and  a fixed  Srar  at  fuch  an  immenfe 
diftance,  that  the  diameter  of  the  Earth’s  Orbit 
bears  no  fenfible  proportion  to  that  diftance.  Let 
m be  any  particular  Meridian  of  the  Earth,  and 
a given  point  or  place  upon  that  Meridian. 

• When 
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When  the  Earth  is  at./,  the  Sun  6'  hides  the  Star 
Ri  which  would  be  always  hid  if  the  Earth  never 
removed  from  A\  and  confequently,  as  the  Earth 
turns  round  its  Axis,  the  point  would  always 
come  round  to  the  Sun  and  Star  at  the  fame  time. 
B Li t vv h en  t he  Ea rth  has  ad  va need,  fuppole  a twelfth 
part  of  its  Orbit  from  yl  to  its  motion  round 
its  Axis  will  bring  the  point  jV  a twelfth  part  of 
a natural  day,  or  two  hours,  fooner  to  the  Star  than 
to  the  Sun  ; for  the  Angle  N Bn  is  equal  to  the 
Angle  jISB  . and  therefore  any  Star,  which  comes 
to  the  IVleridian  at  noon  with  the  Sun  when  the 
Earth  is  at  will  come  to  the  Meridian  at  lo  in 
the  forenoon  when  the  Earth  is  at  B.  When  the 
Earth  comes  to  C,  the  point  N will  have  the  Star 
on  its  Meridian  at  8 in  the  morning,  or  four  hours 
fooner  than  it  comes  round  to  the  Sun  ; for  it  mufl: 
revolve  from  Af  to  n before  it  has  the  Sun  in  its 
Meridian.  When  the  Earth  comes  to  D,  the  point 
N will  have  the  Star  on  its  Meridian  at  6 in  the 
morning^  but  that  point  mufl:  revolve  fix  hours 
more  from  N to  n,  before  it  has  mid-day  by  the 
Sun;  for  now  the  Angle  ./o’!)  is  a right  Angle, 
and  fo  is  that  is,  the  Earth  has  advanced 

90  degrees  in  its  Orbit,  and  mufl:  turn  90  degrees 
on  its  Axis  to  carry  the  point  N from  the  Star  to 
the  Sun:  for  the  Star  always  comes  to  tiie  M eri- 
dian  when  Nr.i  is  parallel  to  RSAy  bccaufc  BS  is 
but  a point  in  refpedt  of  RS.  When  the  Earth  is 
at  A,  the  Star  comes  to  the  Meridian  at  4 in  the 
inorningi  at  A,  at -2  in  the  morning;  and  at  G, 
the  Earth  having  gone  half  round  its  Orbit,  N 
points  to  the  Star  R at  midnight,  it  being  then 
dircdly  oppofite  to  the  Sun.  And  therefore,  by 
the  Earth’s  diurnal  motion,  the  Star  comes  to  the 
Meridian  12  hours  biffore  the  Sun.  When  the 
Earth  is  at  //,  the  Star  comes  to  the  Meridian  at 
10  in  the  evening;  at /it  comes  to  the  Meridian 
at  8,  that  is,  16  hours  before  the  Sun;  at  A 18 
hours  before  him;  at  L 20  hours;  at  AI  22;  and 
at./  equally  with  the  Sun  again. 
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A TABLE,  (hewing  how  much  of  che  Cdelhal  Eq  Tati 
pafles  over  the  Meridian  in  any  Parc  of  a mean  boLA-- 
Day;  and  how  much  the  Fixed  Stars  gain  upon  th 
mean  Solar  Time  every  Day,  for  a MontiK 
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222.  Thus  it  Is  plain,  that  an  abfolute  turn  of 
the  Earth  on  its  Axis  (which  is  always  completed 
when  any  particular  Meridian  comes  to  be  parallel 
to  its  fituation  at  any  time  of  the  day  before)  never 
brings  the  fame  Meridian  round  from  the  Sun  to 
the  Sun  again  j but  that  the  Earth  requires  as 
much  more  than  one  turn  on  its  Axis  to  finilh  a 
natural  day,  as  it  has  gone  forward  in  that  time; 
which,  at  a mean  ftate,  is  a 365th  part  of  a Circle. 
Hence,  in  365  days,  the  Earth  turns  366  times 
round  its  Axis;  and  therefore,  as  a turn  of  the 
Earth  on  its  Axis  completes  a fydereal  day,  there 
muft  be  one  lydereal  day  more  in  a year  than  the 
number  of  folar  days,  be  the  number  what  it  will 
on  the  Earth,  or  any  other  Planer,  one  turn  beino- 
loft  with  refped  to  the  number  of  folar  days  in  a 
year,  by  the  Planet’s  going  round  the  Sun ; juft  as 
it  would  be  loft  to  a traveller,  who,  in  going  round 
the  Earth,  would  lofe  one  day  by  following  the 
apparent  diurnal  m.otion  of  the  Sun  ; and  confe- 
quently  would  reckon  one  day  lefs  at  his  return 
(let  him  take  what  time  he  would  to  go  round  the 
Earth)  than  thole  who  remained  all  the  while  at 
the  place  from  which  he  let  out.  So,  if  there  were 
two  Earths  revolving  equally  on  their  Axis,  and 
ifone  remained  at  until  the  other  had  gone  round 
the  Sun  from  A X.o  A again,  that  Earth  which  kept 
its  place  at  A would  have  its  folar  and  fydereal 
days  always  of  the  fame  length  ; and  fo  would  have 
one  folar  day  more  than  the  other  at  its  return. 
Hence,  if  the  Earth  turned  but  once  round  its 
Axis  in  a year,  and  \{ that  turn  was  made  the  fame 
way  as  the  Earth  goes  round  the  Sun,  there  would 
be  continual  day  on  one  fide  of  the  Earth,  and 
continual  night  on  the  other. 

223.  The  firft  part  of  the  preceding  Table  ftiews 
how  much  of  the  celeftial  Equator  paffes  over  the 
Meridian  in  any  given  part  of  a mean  folar  day, 
and  i-s  to  be  underftood  the  fame  way  as  the  Table 
in  the  220th  article.  The  latter  part,  intituled, 

Accde- 
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Accelerations  of  the  fixed  Stars^  affords  us  an  eafy  Toknowby 
method  of  knowing  whether  or  no  our  clocks  and 
watches  go  true;  for  ir,  through  a Imall  hole  in  a clock  goes 
window-lluitter,  or  in  a thin  plate  of  metal  Sxed  to 
a window,  we  obferve  at  what  time  any  Star  difap- 
pears  behind  a chimney,  or  corner  of  a houfe,  at  a 
little  diftancej  and  if  the  fame  Star  difappears  the 
next  night  3 minutes  56  feconds  fooner  by  the 
clock  or  watch;  and  on  the  fecond  night,  7 mi- 
nutes 52  feconds  fooner;  the  third  night  ii  mi- 
nutes 48  feconds  fooner;  and  fo  on,  every  night, 
as  in  the  Table,  which  fhews  this  difference  for 
30  natural  days,  it  is  an  infallible  fign  that  the  ma- 
chine goes  true;  otherwife  it  does  not  go  true,  and 
muft  deregulated  accordingly;  and  as  the  difap- 
pearing  of  a Star  is  inftantaneous,  we  may  depend 
on  this  information  to  half  a fecond. 


CHAP.  XIII. 
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224.  rx^HE  Earth’s  motion  on  its  Axis  being 
J.  perfeftly  uniform,  and  equa-1  at  all  timet 
of  the  year,  the  lydereal  days  are  always  precifely 
of  an  equal  length;  and  fo  would  the  folar  or  na- 
tural days  be,  if  the  Earth’s  Orbit  were  a perfedt 
Circle,  and  its  Axis  perpendicular  to  its  Orbit. 

But  the  Earth’s  diurnal  motion  on  an  inclined 
Axis,  and  its  annual  motion  in  an  elliptic  Orbit,  The  Sun 
caufe  the  Sun’s  apparent  motion  in  the  Heavens  to  Clocks 
be  unequal;  for  fometimes  he  revolves  from  the  Sur"*'' 
Meridian  to  the  Meridian  again  in  fomewhat  lefs 
than  24  hours,  fhewn  by  a well-regulated  clock  j 
and  at  other  times  in  fomewhat  more;  fo  that  the 
time  fhewn  by  an  equal-going  clock  and  a true 
oun-dial  is  never  the  fame  but  on  the  14th  of 
April,  i^th  oijune,  the  31ft  of  Augufi,  and  the 

23  Qi  December . The  clock,  if  it  goes  equably 
and  true  all  the  year  round,  will  be  before  the  Sun 

^ 4 from 
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from  the  23d  of  December  till  the  14th  o'i  Apr iT 
f-om  that  time  till  the  i6th  of  fine  the  Sun  will 
be  before  the  clock;  from  the  1 5th  oifune  till  the 
31ft  ox  Auguft  the  clock  will  be  again  before  the 
Sun;  and  froio  thence  to  the  23d  December  the 
Sun  will  be  fafter  chan  the  clock. 

j 225.  The  'l  ables  of  the  Equation  of  natural 
labk.  days,  at  the  end  of  the  following  Chapter,  ihew  the 
, time  that  ought  to  be  pointed  out  by  a well-regu- 
lated clock  or  watch,  every  day  of  the  year,  at  the 
precife  moment  of  iolar  noon;  that  is,  when  the 
Sun  s center  is  on  the  Meridian,  or  when  a true 
Sun-dial  fliews  it  to  be  precifely  Twelve.  Thus 
on  die  5th  o{  January  \n  Leap-year,  when  the  Sun 
IS  on  the  INderidian,  it  ought  to  be  ^ minutes  32 
feconds  pall;  twelve  by  the  clock  : and  on  the  15th 
of  May,  when  the  Sun  is  on  the  Meridian,  the  time 
by  the  clock  fhould  be  but  56  minutes  i fecond 
pad  eleven ; in  the  former  cafe,  the  clock  is  5 mi- 
nutes 52  feconds  before  the  Sun;  and  in  the  latter 
cafe,  the  Sun  is  3 minutes  59  feconds  fafter  than 
the  clock.  But  without  a Meridian  Line,  or  a 
Tranfit  Inftrument  fixed  in  the  plane  of  the  Meri- 
dian, we  cannot  fet  a Sun-dial  true. 

frr'Ve  eafieft  and  moft  expeditious  way  of 

xidirn'un''  drawing  a Meridian  Line  is  this:  Make  four  or 
five  concentric  Circles,  about  a quarter  of  an  inch 
from  one  another,  on  a flat  board  about  a foot  in 
breadth  ; and  let  the  outmoft  Circle  be  but  little 
lefs  than  the  board  will  contain.  Fix  a pin  per- 
pendicularly in  the  center,  and  of  fuch  a length 
' that  its  whole  lhadow  may  fall  within  the  inner- 

mort  Circle  for  at  leaft  four  hours  in  the  middle 
of  the  day.  The  pin  ought  to  be  about  an  eighth 
part  of  an  inch  thick,  and  to  have  a round  blunt 
point.  The  board  being  fet  exadly  level  in  a place 
where  the  Sun  fhines,  I'uppol'e  froin  eight  in  the 
morning  till  four  in  the  afternoon,  about  which 
hours  the  end  of  the  ftiadow  fhould  fall  without 

4 . all 
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all  the  Circles;  watch  the  times  in  the  forenoon, 
when  the  extremity  of  the  fhortening  fhadow  juft 
touches  the  feveral  Circles,  and  there  make  marks. 
Then,  in  the  afternoon  of  the  fame  day,  watch 
the  lengthening  fhadow,  and  where  its  end  touches 
the  feveral  Circles  in  going  over  them,  make 
marks  alfo.  Laftly,  with  a pair  of  compaffes,  find 
exa£Uy  the  middle  point  between  the  two  marks  on 
any  Circle,  and  draw  a ftraight  line  from  the  cen- 
ter to  that  point;  which  Line  will  be  covered  at 
noon  by  the  (hadow  of  a fmall  upright  wire,  which 
fliould  be  put  in  the  place  of  the  pin.  The  reafon 
for  drawing  feveral  Circles  is,  that  in  cafe  one  part 
of  the  day  fliould  prove  clear,  and  the  other  part 
fomewhat  cloudy,  if  you  mifs  the  time  when  the 
point  of  the  fhadow  fhould  touch  one  Circle,  you 
may  perhaps  catch  it  in  touching  another.  The 
beft  time  for  drawing  a Meridian  Line  in  this 
manner  is  about  the  fummer  folftice;  becaufe  the 
Sun  changes  his  declination  floweft  and  his  altitude 
fafteft  in  the  longeft  days. 

If  the  cafement  of  a window  on  which  the  Sun 
fhines  at  noon  be  quite  upright,  you  may  draw  a 
line  along  the  edge  of  its  fhadow  on  the  floor, 
when  the  fhadow  of  the  pin  is  exadlly  on  the 
Meridian  Line  of  the  board  : and  as  the  motion 
of  the  fhadow  of  the  cafement  will  be  much  more 
fenfible  on  the  floor  than  that  of  the  fhadow  of 
the  pin  on  the  board,  you  may  know  to  a"  few 
feconds  when  it  touches  the  Meridian  Line  on  the 
floor;  and  fo  regulate  your  clock  for  the  day  of 
obfervation  by  that  line  and  the  Equation  Tables 
above  mentioned,  §.  225. 

22/.  As  the  equation  of  time,  or  difference 
between  the  time  fliewn  by  a well-regulated  Clock 
and  a true  Sun-dial,  depends  upon  two  caufes, 
namely,  the  obliquity  of  the  Ecliptic,  and  the 
unequal  motion  of  the  Earth  in  it,  we  fhall  firft 

explain 
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explain  the  efFefts  of  thefe  caufes  feparately,  and 
then  the  united  efFeds  refulcing  from  their  combi- 
natiqn. 

^28.  The  Earth’s  motion  on  its  Axis  being 
perfectly  equable,  or  always  at  the  fame  rate,  and 
the  * plane  of  the  E-quator  being  perpendicular 
to  its  Axis,  it  is  evident  that  in  equal  times 
equal  portions  of  the  Equator  pafs  over  the  Meri- 
dian} and  fo  would  equal  portions  of  the  Ecliptic, 
if  it  were  parallel  to  or  coincident  with  the  Equa- 
par'ofthe  Ecliptic  is  oblique  to  the 

jEquatton  of  EquatOf,  the  equable  motion  of  the  Earth  carries 
unequal  portions  of  the  Ecliptic  over  the  Meri- 
dian in  equal  times,  the  difference  being  propor- 
tionate to  the  obliquity}  and  as  fome  parts  of 
the  Ecliptic  are  much  more  oblique  than  others, 
thofe  differences  are  unequal  among  themfelvcs. 
Therefore  if  two  Suns  fhould  ftart  either  from 
the  beginning  of  Aries  or  Libra,  and  continue  to 
move  through  equal  arcs  in  equal  times,  one  in 
the  Equator,  and  the  other  in  the  Ecliptic,  the 
equatoreal  Sun  would  always  return  to  the  Meri- 
dian in  24  hours  time,  as  meafured  by  a well- 
regulated  clock  } but  the  Sun  in  the  Ecliptic 
would  return  to  the  Meridian  fometimes  fooner, 
and  fometimes  later  than  the  equatoreal  Sun}  and 
only  at  the  fame  moments  with  him  on  four  days 
of  the  yearj  namely,  the  20th  March ^ when 

, the  Sun  enters  Aries}  the  oi  June^  when  he 

enters  Cancer}  the  23d  of  September ^ when  lie 
enters  Libra}  and  the  2i ft  of  when  he 

enters  Capricorn.  But,  as  there  is  only  one  Sun, 
and  his  apparent  motion  is  always  in  the  Ecliptic, 
let  us  henceforth  call  him  the  real  Sun,  and  the 
other,  which  is  fuppofed  to  move  in  the  Equator, 

' * If  the  Earth  were  cut  along  the  Equator,  quite  through 

thcceifer,  the  flat  furfacc  of  this  feftion  would  be  the  plane 
of  the  Equator-}  as  the  paper  contained  within  any  Circle 
may  be  juftly  tcimed  the  plane  of  that  Circle. 
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the  fi6litious;  to  which  laft,  the  motion  of  a well- 
regulated  clock  always  anfwers. 

L,ec  Z ^ z ^ be  the  Earth,  ZFRz  its  Axis, 
(ihcde,  See.  the  Equator,  /I BODE,  &c.  the  north- 
ern halfof  the  Ecliptic  from  <y’  to  on  the  fide  of 
the  Globe  next  the  eye,  and  MNOP^  &c*  the 
fouthern  half' on  the  oppofice  fide  from  =2=  to  . 
Let  the  points  at  B,  C,  D,  Ey  F,  Sec.  quite 
round  from  <t  to  m again,  bound  equal  portions 
of  the  Ecliptic,  gone  through  in  equal  times  by 
the  real  Sun;  and  thofe  at  a,  by  c,  dy  Cy  /,  &c. 
equal  portions  of  the  Equator  dtferibed  in  equal 
times  by  the  fidlitious  Sun ; and  let  Z r z be  the 
Meridian. 

As  the  real  Sun  moves  obliquely  in  the  Ecliptic, 
and  the  fiditious  Sun  direftly  in  the  Equator,  with 
refped  to  the  Meridian,  a degree,  or  any  num- 
ber of  degrees,  between  t and  F on  the  Ecliptic, 
muh  be  nearer  the  Meridian  Z v z,  than  a de- 
gree, or  any  correfponding  number  of  degrees  on 
the  Equator  from  t to/;  and  the  more  fo,  as 
they  are  the  more  oblique:  and  therefore  the  true 
Sun  comes  fooner  to  the  meridian  every  day  while 
he  is  in  the  quadrant  m Fy  than  the  fiftitious  Sun 
does  in  the  quadrant  m /;  for  which  reafon,  the 
folar  noon  precedes  noon  by  the  clock,  until  the 
real  Sun  comes  to  Fy  and  the  fidtitious  to  /,  which 
two  points,  being  equidiftant  from  the  Meridian, 
both  Suns  will  come  to  it  precifely  at  noon  by  the 
Clock. 

While  the  real  Sun  deferibes  the  fecond  qua- 
drant of  the  Ecliptic  FGHIKL  from  25  to  he 
Comes  later  to  the  Meridian  every  day  than  the 
fiftitiousSun  moving  through  the  fecond  quadrant 
of  the  Equator  from /to  for  the  points  at 

A-  ^ being  farther  from  the  Meri- 

dian than  their  correfponding  points  at  g,  hy  /,  ky 
and  /,  they  mufl  be  later  in  coming  to  it ; and  as 
och  Suns  come  at  the  fame  moment  to  the  point 
they  come  to  the  Meridian  at  the  moment  of 
noon  by  the  Clock. 
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In  departing  from  4_.ibra,  through  the  third 
quadrant,  the  real  Sun  going  through  MNOP^ 
toward  at  /?,  and  the  Fidtitious  Sun  through 
mnopq  toward  r,  the  former  comes  to  the  Meri- 
dian every  day  fooner  than  the  latter,  until  the 
real  Sun  comes  to  Vf,  and  the  fiftitious  to  r,  and 
then  they  both  come  to  the  Meridian  at  the  fame 
time. 

Laflly,  as  the  real  Sun  moves  equably  through 
STUVfV,  from  Vf  toward  t i and  the  ficticious 
Sun  through  stuvw^  from  r toward  t,  the  for- 
mer comes  later  every  day  to  the  Meridian  than 
the  latter,  until  they  both  arrive  at  the  point  m, 
and  then  they  make  it  noon  at  the  fame  time  with 
the  clock. 

229.  The  annexed  Table  fhews  how  much  the 
Sun  is  fafter  or  flow'er  than  the  clock  ought  to 
be,  fo  far  as  the  difference  depends  upon  the  obli- 
quity of  the  Ecliptic  ; of  which  the  Signs  of  the 
firft  and  third  quadrants  are  at  the  head  of  the 
ATiMeof  Table,  and  their  Degrees  at  the  left  hand;  and 
^morrime  in  thefe  the  Sun  is  fafler  than  the  Clock;  the 
erpendmg^  Signs  of  the  fecond  and  fourth  quadrants  are  at 
"hce'in'the  foot  of  tlic  Table,  and  their  degrees  at  the 
Ecliptic.  right  hand;  in  all  which  the  Sun  is  flower  than 
the  Clock;  fo  that  entering  the  Table  with  the 
given  Sign  of  the  Sun’s  place  at  the  head  of  the 
Table,  and  the  degree  of  his  place  in  that  Sign 
at  the  left  hand;  or  with  the  given  Sign  at  the 
foot  of  the  Table,  and  Degree  at  the  right  hand  ; 
in  the  angle  of  meeting  is  the  number  of  minutes 
and  feconds  that  the  Sun  i§  fafler  or  flower  than 
the  clock  ; or  in  other  words,  the  quantity  of  time 
in  which  the  real  Sun,  when  in  that  part  of  the 
Ecliptic,  comes  fooner  or  later  to  the  meridian 
than  the  fidlitious  Sun  in  the  Equator.  Thus, 
when  the  Sun’s  place  is  « Taurus  12  degrees,  he 
is  9 minutes  47  feconds  fafler  than  the  clock; 
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and  when  his  Place  is  ss  Cancer  i8  degrees,  he  is 
6 minutes  2 feconds  flower. 
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This  Table  is  formed  by  taking  the  difference 
bet\\een  the  Sun’s  longitude  and  its  right  alcen- 
non,  and  turning  it  into  time. 
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Of  the  Equation  of  Time, 

230.  This  pare  of  the  Equation  of  time  may 
perhaps  be  fomewhat  difficult  to  underftand  by  a 
Figure,  becaufe  both  halves  of  the  Ecliptic  feem 
to  be  on  the  fame  fide  of  the  Globe:  but  it  may 
be  made  very  eafy  to  any  perfon  who  has  a real 
Globe  before  him,  by  putting  fmall  patches  on 
every  tenth  or  fifteenth  degree  both  of  the  Equa- 
tor and  Ecliptic,  beginning  at  Aries  <v;  and 
then,  turning  the  ball  flowly  round  wefiward,  he 
will  lee  all  the  patches  from  Aries  to  Cancer  come 
to  the  brazen  Meridian  fooner  than  the  corre- 
Iponding  patches  on  the  Equator  j all  thofe  from 
Cancer  to  Libra  will  come  later  to  the  Meridian 
than  their  correfponding  patches  on  the  Equator  ; 
thofe  from  Libra  to  Capricorn  fooner,  and  thofe 
from  Capricorn  to  Aries  later  j ajid  the  patches  at 
the  beginnings  of  Aries,  Cancer,  Libra,  and  Ca- 
pricorn, being  either  on  or  even  with  thofe  on  the 
Equator,  fiiew  that  the  two  Suns  either  meet 
there,  or  are  even  with  one  another,  and  fo  come  ■ 
to  the  Meridian  at  the  fame  moment. 

231.  Let  us  fuppofe  that  there  are  two  little- 
balls  moving  equably  round  a celeftial  Globe  by 
clock-work,  one  always  keeping  in  the  Ecliptic, 
and  gilt  with  gold,  to  reprefent  the  real  Sun  ; and 
the  other  keeping  in  the  Equator,  and  filvered, 
to  reprefent  the  fiditious  Sun:  and  that  while 
thefe  balls  move  once  round  the  Globe  accord- l, 
ing  to  the  order  of  Signs,  the  Clock  turns  the.; 
Globe  366  times  round  its  Axis  weftward  The*; 
Stars  will  make  366  diurnal  revolutions  from  the-^ 
brazen  Meiridian  to  it  again  ; and  the  two  balls  re-  i 
prefenting  the  real  and  ficlitious  Suns  always  going-; 
farther  eaftward  from-  any  given  Star,  will  comet; 
later  than  it  to  the  Meridian  every  following  day  • 
and  each  ball  will  make  565  revolutions  to  the 
Meridian  ; coming  equally  to  it  at  the  beginnings 
of  Aries,  Cancer,  l.ibra,  and  Capricorn  i but  in 
every  other  point  of  the  Ecliptic,  the  gilt  bal 

will  come  either  fooner  or  later  to  the  Meridian 

than 
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than  the  filvered  ball,  like  the  patches  above-  plate 
mentioned.  This  would  be  a pretty  way  enough 
of  flaewing  the  reafon  why  any  given  Star,  which 
on  a certain  day  of  the  year,  comes  to  the  Meri- 
dian with  the  Sun,  pafles  over  it  fo  much  fooner 
every  following  day,  as  on  that  day  twelvemonth 
to  come  to  the  Meridian  with  the  Sun  again ; and 
alfo  to  fhew  the  reafon  why  the  real  Sun  comes  to 
the  [Meridian  fometimes  rooner,andrometimeslater, 
than  the  time  when  it  is  noon  by  the  clock;  and, 
on  four  days  of  the  year,  at  the  fame  time  ; while 
the  fiftitious  Sun  always  comes  to  the  Meridian 
when  it  is  twelve  at  noon  by  the  clock.  This 
would  be  no  difficult  taflc  for  an  artift  to  perform; 
for  thegold  ball  mightbecarried  round theEcliptic 
by  a wire  from  its  north  Pole,  and  the  filver  ball 
round  the  Equator  by  a wire  from  its  fouth  Pole, 
by  means  of  a few  vvheels  to  each;  which  might  be 
eafily  added  to  my  improvement  of  the  celeflial 
Globe,  defcribed  in  N®  483  of  the  Philofo-phkal 
TranJaSiions\  and  of  which  I fhall  give  a dcfcrip- 
tion  in  the  latter  part  of  this  Book,  from  the  third 
Figure  of  the  third  Plate. 

2^2.  It  is  plain  that  if  the  Ecliptic  were  more  Fig. iv« 
obliquely  pofited  to  the  Equator,  as  the  dotted 
Circle  ^ x the  equal  divifions  from  m to 
would  come  ftill  fooner  to  the  Meridian  Z o ^ 
than  thofe marked  B,  C,  D,  and  E do:  for  two 
divifions  containing  30  degrees,  from  r to  the 
fecond  dot,  a little  fihort  of  the  figure  i,  come 
fooner  to  the  Meridian  than  one  divifion  contain- 
ing only  15  degrees  from  m to  J does,  as  the 
Ecliptic  now  hands;  and  thofe  of  the  fecond 
quadrant  from  x to  <c^  would  be  fo  much  later. 

The  third  quadrant  uould  be  as  the  firft,  and  the 
ourth  as  the  fecond.  And  it  is  likewife  plain, 
that  where  the  Ecliptic  is  moft  oblique,  namely, 
about  Aries  and  Libra,  the  difference  wmuld  be 
greateff;  and  Icaft  about  Cancer  and  Capricorn, 
where  the  obliquity  is  leaff. 
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234.  Having  explained  one  caufe  of  the  dif- 
ference of  time  fliewn  by  a well-regulated  Clock 
and  a true  Sun-dial,  and  confidered  the  Sun,  not 
the  Earth,  as  moving  in  the  Ecliptic,  we  ncnv 
proceed  to  explain  the  other  caufe  of  this  differ- 
ence, namely,  the  inequality  of  the  Sun’s  apparent 
motion,  § 205,  which  is  flowefl  in  fummer,  when 
the  Sun  is  fartheft  from  the  Earth,  and  fwifceft  in 
winter  when  he  is  neareft  to  it.  But  the  Earth’s 
motion  on  its  Axis  is  equable  all  the  year  round, 
and  is  performed  from  weft  to  eaftj  which  is  the 
way  that  the  Sun  appears  to  change  his  place  in  the 
Ecliptic. 

235.  If  the  Sun’s  motion  were  equable  in  the 
Ecliptic,  the  whole  difference  between  the  equal 
time  asfhewn  by  the  Clock,  and  the  unequal  time 
as  Qiewn  by  the  Sun,  would  arife  from  the  obli- 
quity of  the  Ecliptic.  But  the  Sun’s  motion 
fometimes  exceeds  a degree  in  24  hours,  though 
generally  it  is  lefs ; and  when  his  motion  is 
howeft,  any  particular  Meridian  will  revolve  fooner 
to  him  than  when  his  motion  is  quickeftj  for  it 
will  overtake  him  in  lefs  time  when  he  advances  a 
lefs  fpace  than  when  he  moves  through  a larger. 

2^6.  Now,  if  there  were  two  Suns  moving  in 
the  plane  of  the  Ecjipxic,  fo  as  to  go  round  it  in 
a year;  the  one  defcribing  an  equal  arc  every 
24  hours,  and  the  other  defcribing  fometimes  a 
lefs  arc  in  24  hours,  and  at  other  times  a larger; 
gaining  at  one  time  of  the  year  what  it  loft  at  the 
oppofite;  it  is  evident  that  either  of  thefe  Suns 
would  come  fooner  or  laper  to  the  Meridian  than 
the  other,  as  it  happened  to  be  behind  or  be. ore 
the  other:  and  when  they  were  both  in  conjunc- 
tion, they  would  come  to  the  meridian  at  the  lame 

moment. 

I'll.  As  the  real  Sun  moves  unequably  in  the 
Ecliptic,  let  us  fuppofe  a fiftitious  Sun  to  move 
equably  in  a circle  coincident  with  the  plane  ot 
the  Ecliptic.  Let  ABCD  be  the  Ecliptic  or  Oi  hi^ 


Fig.  IV. 
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m which  the  real  Sun  moves,  and  the  dotted 
Circle  abed  the  imaginary  Orbit  of  the  fiditious 
Sun  ; each  going  round  in  a year  according  to  the 
order  of  letters,  or  from  weft  to  eaft.  Let  HIKE 
be  the  Earth  turning  round  its  Axis  the  fame  way 
every  24  hours  j and  fuppofe  both  Suns  to  ftarc 
from  A and  in  a right  line  with  the  plane  of  the 
Meridian  E at  the  fame  moment : the  real  Sun 
at  Ay  being  then  at  his  greateft  diftance  from  the 
Earth,  at  which  time  his  motion  is  floweft  •,  and 
the  fidlitious  Sun  at  <2,  whofe  motion  is  always 
equable,  becaufe  his  diftance  from  the  Earth  is 
fuppofed  to  be  always  the  fame.  In  the  time  that 
the  Meridian  revolves  from  HioH again,  accord- 
ing to  the  order  of  the  letters  HIKE,  the  real  Sun 
has  moved  from  A toF-,  and  the  fiditious  with  a 
quicker  motion  from  a to /,  through  a larger  arc  ; 
therefore,  the  Meridian  E //will  revolve  fooner 
from  H to  h under  the  real  Sun  at  F,  than  from 
Hto  k under  the  fiditious  Sun  at/j  and  confe- 
quently  it  will  then  be  noon  by  the  Sun-dial  fooner 
than  by  the  Clock. 

As  the  real  Sun  moves  from  A toward  C,  the 
fwiftnefs  of  his  motion  increafes  all  the  way  to  C, 
where  it  is  at  the  quickeft.  But  notwithftanding 
this,  the  fiditious  Sun  gains  fo  much  upon  the 
raal  foon  after  his  departing  from  A,  that  the 
increafing  velocity  of  the  real  Sun  does  not  bring 
him  up  with  the  equally  moving  fiditious  Sun 
till  the  former  comes  to  C,  and  the  latter  to  c, 
when  each  has  gone  half  round  its  refpedivc 
Orbit;  and  then  being  in  conjundion,  the  Meri- 
dian E //revolving  to  £ comes  to  both  Suns  at 
the  fame  time,  and  therefore  it  is  noon  by  them 
both  at  the  fame  moment. 

But  the  increafed  velocity  of  the  real  Sun,  now 
being  at  the  quickeft,  carries  him  before  the  fidi- 
tious one;  and,  therefore,  the  fame  Meridian  will 
come  to  the  fiditious  Sun  fooner  than  to  the  real ; 
tor  while  the  fiditious  Sun  moves  from  f to  g, 

L*  the 
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the  real  Sun  moves  through  a greater  arc  from  C 
to  G:  conlequently  the  point  K has  its  noon  by 
the  Clock  when  it  comes  to  k,  but  not  its  noon  by 
the  Sun  till  it  comes  to  /.  And  although  the  ve- 
locity of  the  real  Sun  diminifhes  all  the  way  from  C 
to  and  the  fiftitious  Sun  by  an  equable  motion 
is  ftill  coming  nearer  to  the  real  Sun,  yet  they  are 
not  in  conjunction  till  the  one  comes  to  A^  and  the 
other  to  a-,  and  then  it  is  noon  by  them  both  at 
the  fame  moment. 

Thus  it  appears,  that  the  folar  noon  is  always 
later  than  noon  by  the  clock  while  the  Sun  goes 
from  C to  A^  fooner  while  he  goes  from  A to  C, 
and  at  thefe  two  points  the  Sun  and  Clock  being 
equal,  it  is  noon  by  them  both  at  the  fame  mo- 
ment. 

Apogee,  238.  The  point  A is  called  the  Suns  Apogee, 
f’j  . becaufe  when  he  is  there,  he  is  at  his  greateft 
what.  diftance  from  the  Earth  s the  point  C his  Perigee^ 
becaufe  when  in,  it  he  is  at  his  leaft  diftance  from 
Fig. IV.  the  Earth:  and  a right  line,  as  AEC,  drawn 
through  the  Earth’s  center,  from  one  of  thefe 
points  to  the  other,  is  called  the  line  of  the  Apfides. 

239.  The  diftance  that  the  Sun  has  gone  in 
any  time  from  his  Apogee  (not  the  diftance  he  has 
to  go  to  it,  though  ever  fo  little)  is  called  his 

Mean  Ano.  mean  Anomaly,  and  is  reckoned  in  Signs  and  De- 
aiaiy.wbat.  g,.ggg^  allowing  20  Degrees  to  a Sign.  Thus, 
.when  the  Sun  has  gone  174  Degrees  from  his 
Apogee  at^,  he  is  faid  to  be  5 Signs  24  Degrees 
from  it,  which  is  his  mean  Anomaly;  and  when 
he  is  gone  355  Degrees  from  his  Apogee,  he  is 
faid  to  be  ii  Signs  25  Degrees  from  it,  although 
he  be  but  5 Degrees  Ihort  of  A in  coming  round 
> to  it  again. 

240.  From  what  was  faid  above,  it  appears, 
that  when  the  Sun’s  Anomaly  is  lefs  than  6 Signs, 
that  is,  when  he  is  any  where  between  A and  C, 
in  the  half  yf  5 C of  its  Orbit,  the  folar  noon  pre- 

. cedes 
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cedes  the  clock  noon  j but  when  his  Anomaly  is 
more  than  6 Signs,  that  is,  when  he  is  any  where 
between  C and  y/,  in  the  half  C D of  his  Orbit, 
the  clock  noon  precedes  the  folaf.  When  his 
Anomaly  is  o Signs,  o Degrees,  that  is,  when  he 
is  in  his  Apogee  at^;  or  6 Signs  o Degrees, 
which  is  when  he  is  in  his  Perigee  at  Cj  he  comes 
to  the  Meridian  at  the  moment  that  the  fiditious 
Sdn  does,  and  then  it  is  noon  by  them  both  at  the 
fame  inftant. 

241.  The  following  Table  fhews  the  Variation, 
or  Equation  of  time  depending  on  the  Sun’s  Ano- 
maly, and  arifing  from  his  unequal  motion  in  the 
Ecliptic;  as  the  former  Table,  § 229,  fhews  the 
Variation  depending  on  the  Sun’s  place,  and  re- 
fuking  from  the  obliquity  of  the  Ecliptic : this  is 
to  be  underftood  the  fame  ,way  as  the  other 
namely,  that  when  the  Signs  are  at  the  head  of 
the  Table,  the  Degrees  are  at  the  left  hand;  but 
when  the  Signs  are  at  the  foot  of  the  Table,  the 
refpedlive  Degrees  are  at  the  right  hand;  and  in 
both  cafes  the  Equation  is  in  the  Angle  of  meet* 
ing.  _ When  both  the  above-mentioned  Equations 
are  either  fafter  or  flower,  their  fum  is  the  abfo- 
lute  Equation  of  Time;  but  when  the  one  is 
Mer,  and  the  other  dower,  it  is  their  difference. 
Thus,  fuppole  the  Equation  depending  on  the 
bun  s place  be  6 minutes  41  feconds  too  flow 
and  the  Equation  depending  ^n  the  Sun’s  Ano- 
_ma  y be  4 minutes  20  feconds  too  flow,  their  fum 
IS  eleven  minutes  one  fecond  too  flow.  But  if  the 
one  bad  been  6 minutes  41  feconds  too  faft,  and 
the  other  4 minutes  20  feconds  too  How,  their  dif- 
terence  would  have  been  2 minutes  21  feconds  too 
tair,  becaufc  the  greater  quantity  is  too  faft. 
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This  Table  is  formed  by  turning  the  Equation 
of  the  Sun’s  Center  (fee  p.  316)  into  time. 

242.  The  obliquity  of  the  Ecliptic  to  the  Equa- 
tor, which  is  the  hrit  mentioned  caufe  of  the 
Equation  of  Time,  would  make  the  Sun  and 
Clocks  agree  on  four  days  of  the  yearj  which  are, 
when  the  Sun  enters  Aries,  Cancer,  Libra,  and 

Capricorn  : but  the  other  caufc,  now  explained, 

would 
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would  make  the  Sun  and  Clocks  equal  only  twice 
in  a year;  that  is,  when  the  Sun  is  in  his  Apogee 
and  Perigee.  Confequently,  when  thefe  two 
points  fall  in  the  beginnings  of  Cancer  and  Capri- 
corn, or  of  Aries  and  Libra,  they  concur  in  mak- 
ing the  Sun  and  Clocks  equal  in  thefe  points. 
But  the  Apogee  at  prefent  is  in  the  9th  degree 
of  Cancer,  and  the  Perigee  in  the  9th  degree  of 
Capricorn;  and  therefore  the  Sun  and  Clocks 
cannot  be  equal  about  the  beginnings  of  thefe 
Signs,  nor  at  any  time  of  the  year,  except  when 
thefwiftnefs  or  flownefsof  the  Equation  refulting 
from  one  caufe  juft  balances  the  flownefs  or  fwift- 
nefsarifing  from  the  other. 

243.  The  fecond  Table  in  the  following  Chapter 
lliews  the  Sun’s  place  in  the  Ecliptic  at  the  noon 
of  every  day  by  the  Clock,  for  the  fecond  year 
after  Leap-year;  and  alfo  the  Sun’s  Anomaly  to 
the  neareft  degree,  negleding  the  odd  minutes  of 
that  degree.  Its  ufe  is  only  to  afllft  in  the  me- 
thod of  making  a general  Equation  Table  from 
the  two  fore-mentioned  Tables  of  Equation  de- 
pending on  the  Sun’s  Place  and  Anomaly,  § 229, 
241  j concerning  which  method  we  ftiall  give  a 
few  examples  prefently.  The  next  Tables  which 
follow  them  are  made  from  thofe  two;  and  fhew 
the  abfolute  Equation  of  Time  refulting  from  the 
combination  of  both  its  caufes;  in  which  the 
minutes  as  well  as  degrees,  both  of  the  Sun’s 
Place  and  Anomaly,  are  confidered.  The  ufe  of 
thefe  Tables  is  already  explained,  § 225:  and  they 
ferve  for  every  day  in  Leap-year,  and  the  firft, 
lecond,  and  third  years  after:  For  on  moft  of  the 
fame  days  of  all  thefe  years  the  Equation  differs, 
becaufe  of  the  odd  fix  hours  more  than  the  26c 
days  of  which  the  year  confifts. 


^ I-  On  the  14th  of  April,  the  Sun 

n the  25th  degree  of  <r  Aries,  and  his  Anomal 
•s  9 Signs  15  degrees;  the  Equation  refultin 

^ 3 froi 
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from  the  former  is  7 minutes  22  feconds  of  time 
too  faftj  § 229 ; and  from  the  latter,  7 minutes 
24  feconds  too  flow,  § 241  the  difference  is  2 
feconds  that  the  Sun  is  too  flow  at  the  noon  of 
that  day,  taking  it  in  grofs  for  the  degrees  of  the 
Sun’s  Place  and  Anomaly,  without  making  pro- 
portionable allowance  for  the  odd  minutes. 
Plence,  at  noon,  the  fwiftnefs  of  the  one  Equation 
balancing  fo  nearly  the  flownefs  of  the  other, 
makes  the  Sun  and  Clocks  equal  on  feme  part  of 
that  day. 

Example  II.  On  the  i6th  of  June,  the  Sun  is 
in  the  25th  degree  of  n Gemini,  and  his  Ano- 
maly is  1 1 Signs  16  Degrees  ■,  the  Equation  arifing 
from  the  former  is  i minute  48  feconds  too  faftj 
and  from  the  latter  i minute  50  feconds  too  flow; 
which  balancing  one  another  at  noon. to  2 feconds, 
jhe  Sun  and  Clocks  are  again  equal  on  that  day. 


Example  III.  On  the  3ift  of  the  Sun’s 

place  is  8 degrees  1 1 minutes  of  11R  Virgo  (which 
we  call  the  8th  degree,  as  it  is  fo  near),  and  his 
Anomaly  is  i Sign  29  Degrees;  the  Equation  arif- 
ing  from  the  former  is  6 minutes  40  feconds 
too  flow;  'and  from  the  latter  6 minutes  32  feconds 
too  faff;  the  difference  being  only  8 feconds  too 
flow  at  noon,  and  decreafing  toward  an  equality, 
will  make  the  Sun  and  Clocks  equal  in  the  evening 
of  that  day. 


Example  IV.  On  the  23d  of  December,  the. 
Sun’s  place  is  i degree  58  minutes  (call  it  2 de- 
grees) of  ys-  Capricorn,  and  his  Anomaly  is  5 Signs 
23  Degrees;  the  Equation  for  the  former  is  43 
feconds  too  flow,  and  for  the  latter  58  feconds  too 
fifl ; the  difference  is  1 5 feconds  too  taft  at  noon  ; 
which  decreafing  will  come  to  an  equality,  and  fo 
make  the  Sun  and  Clocks  equal  in  the  evening  of 
that  day. 
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And  thus  we  find,  that  on  fome  part  of  each  of 
the  above-mentioned  four  days,  the  Sun  and  Clocks 
are  equal  j but  if  we  work  examples  for  all  other 
days  of  the  year,  we  fhall  find  them  different.  And, 

244.  On  thole  days  which  are  equidiftant  from 
any  Equinox  or  Solftice,  we  do  not  find  that  the 
Equation  is  as  much  too  faft  or  too  flov/  on  the 
one  fide,  as  it  is  too  flow  or  too  fall  on  the  other. 

The  reafon  is,  that  the  line  of  the  Apfides,  § 238,  Remark, 
does  nor,  at  prefent,  fall  either  into  the  Equinodial 
or  Solftitial  points,  § 242. 

245.  The  four  following  Equation  Tables,  for  TheReafoa 
Leap-year,  and  the  firfl,  fecond,  and  third  years  ”o„^Tabies‘ 
after,  would  ferve  for  ever,  if  the  Sun’s  Place  and  ar°e"bu“tem- 
Anomaly  were  always  the  fame  on  every  given  day 

of  the.  year  as  on  the  fame  day  four  years  before  or 
after.  ^ But  fince  that  is  not  the  cafe,  no  o-eneral 
Equation  Tables  can  be  fo  conftruded  as^  to  be 
perpetual. 

CHAP.  XIV. 

Of  the  Precejfion  of  the  Equinoxes. 

£46.  yT  has  been  already  obferved,  § lid,  that 
JL  by  the  Earth’s  motion  on  its  Axis,  there 
IS  more  matter  accumulated  all  around  the  equa- 
torial parts  than  any  where  elfe  on  the  Earth? 

The  Sun  and  Moon,  by  attrading  this  redun- 
dancy of  matter,  bring  the  Equator  fooner  under 
them  in  every  return  towards  it,  than  if  there  was 
no  luch  accumulation.  Therefore,  if  rhp  .<sim 


nxed  Star  or  Point  from  whence  he  fet 
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out,  p’or 
the  ’ 
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PLATE  the  Equinoflial  points  recede  50  feconds  of  a dc- 
gree  weftward  every  year,  contrary  to  the  Sun’s 
annual  progrelTive  motion. 

When  the  Sun  arrives  at  the  fame  * Equinoftial 
or  Solftitial  point,  he  finilhes  what  we  call  the 
’Tropcal  Teav’y  which,  by  obfervation,  is  found  to 
contain  365  days  5 hours  48  minutes  57  feconds: 
and  when  he  arrives  at  the  fame  fixed  Star  again, 
as  feen  from  the  Earth,  he  completes  the  Sydereal 
Year,  which  contains  365  days  6 hours  9 minutes 
144.  feconds.  The  Sydereal  Year  is  therefore  20 
minutes  17-4  feconds  longer  than  the  Solar  or  Tro- 
pical Year,  and  9 minutes  14.4  feconds  longer  than 
the  Julian  or  Civil  year,  which  we  ftate  at  365  days 
6 hours:  fo  that  the  Civil  year  is  almoft  a mean 
betwixt  the  Sydereal  and  Tropical. 

247.  As  the  Sun  deferibes  the  whole  Ecliptic, 
or  360  degrees,  in  a Tropical  year,  he  moves 
59'  8''  of  a degree  every  day  at  a mean  rate;  and 
confequently  50"  of  a degree  in  20  minutes  1 7.4 
feconds  of  time : therefore  he  will  arrive  at  the 
fame  Equinox  or  Solftice  when  he  is  50"  of  a 
degree  fhort  of  the  fame  Star  or  fixed  point  in 
the  Heavens  from  which  he  fet  out  in  the  year  be- 
fore. So  that  with  refpedt  to  the  fixed  Stars,  theSun 
and  Equinoftial  points  fall  back(as  it  were)  30  de- 
grees in  2160  years,  which  will  make  the  Stars  ap- 
pear to  have  gone  30  deg.  forward,  with  refpedt  to 
the  Signs  of  the  Ecliptic  in  that  time : for  the  fame 
Signs  always  keep  in  the  fame  points  of  the  Eclip- 
tic, without  regard  to  the  Conftellations. 

Fig.  IV.  To  explain  this  by  a Figure,  let  the  Sun  be  in 
Conjundlion  with  a fixed  Star  at  5,  fuppofe  in  the 
30th  degree  of  « , on  the  21ft  day  of  May  1756. 
Then  making  2160  revolutions  through  the  Eclip- 


* The  two  oppofite  points  in  which  the  Ecliptic  crofles  the 
Equinoftial,  are  called  the  Equinoaial  points:^  and  the  two 
points  where  the  Ecliptic  touches  the  Tropics  (which  are 
Iikewife  oppofite,  and  90  degrees  from  the  former)  arc  cal/ed 


the  Solflitial  points. 
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A TABLE  fhcwing  the  Preceflion  ot  the  Equinodlial  Points 
in  the  Heavens,  both  in'Motion  and  Time;  and  the  Anti- 
cipation of  the  Equinoxes  on  the  Earth. 
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tic  VfVX,  at  the  end  of  fo  many  Sydereal  years, 
he  will  be  found  again  at  S : but  at  the  end  of  fo 
many  Julian  years,  he  will  be  found  at  A/,  Ihort  of 
•S,  and  at  the  end  of  fo  many  Tropical  years,  he 
■will  be  found  fhort  of  M,  in  the  30th  deg.  of  Tau- 
rus at  T,  which  has  receded  back  from  5 to  T in 
that  time,  by  the  preceffion  of  the  Equinodlial 
points  T Aries  and  Libra.  The  Arc  5 T- will 
be  equal  to  the  amount  of  the  preceffion  of  the 
Equinox  in  2160  years  at  the  rate  of  50''  of  a de- 
gree, or  20  min.  171  fee.  of  time  annually:  this, 
in  fo  many  years,  makes  30 days  loj  hours:  which 
is  the  difference  between  2160  Sydereal  and  Tro- 
pical years.  And  the  Arc  ML  will  be  equal  to 
the  fpace  moved  through  by  the  Sun  in  2160  times 
II  min.  3 fee.  or  16  days  13  hours  48  minutes, 
which  is  the  difference  between  2160  Julian  and 
Tropical  years. 

248.  From  the  fhifting  of  the  Equinodtial  points, 
and  with  them  all  the  Signs  of  the  Ecliptic,  it  fol- 
lows that  thofe  Stars  which  in  the  infancy  of  Aftro- 
nomy  were  in  Aries  are  now  got  into  L aurus-,  thofe 
o^Laurus'mio  Gemini,  &c.  Hence  likewife  it  is, 
that  the  Stars  which  rofe  or  fet  at  any  particular 
feafon  of  the  year,  in  the  times  of  Hesiod,  Eu- 
doxus, Virgil,  Pliny,  &c.  by  no  means  anfwer 
at  this  time  to  their  deferiptions.  The  preceding 
Table  fhews  the  quantity  of  this  (hifting  both  in 
the  Heavens  and  on  the  Earth,  for  any  number  of 
Years  to  25,920;  which  completes  the  grand  celef- 
tial  period : within  which  any  number  and  its  quan- 
tity is  eafily  found,  as  in  the  following  example, 
for  5763  years;  which  at  the  Autumnal  Equinox, 
A.  D.  1756,  is  thought  to  be  the  age  of  the  world. 
So  that  with  regard  to  the  fixed  Stars,  the  Equi- 
noftial  points  in  the  Heavens,  have  receded 
2’  20“  2'  30"  fince  the  creation;  which  is  as  much 
as  the  Sun  moves  in  Si**  5*'  o'"  52'.  'And  fince 
that  time,  or  in  5763  years,  the  Equinoxes  with 
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us  have  fallen  back  44''  5’'  11'°^  g‘-,  hence,  reckon- 
ing from  the  time  of  the  Julian  Equinox,  A,T). 

1756,  wz.  <5'^^/.  1 1 th,  it  appears  that  the  Autum- 
nal Equinox  at  the  creation  was  on  the  25th  of 
Oolober. 
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249.  The  anticipation  of  the  Equinoxes,  and  TheAmid- 
confequenclyofthe  Seafons,  is  by  no  means  owing  Equi^xe?' 
to  the  preceflion  of  the  Equinodial  and  Solftitial  andSeafons. 
points  in  the  Heavens  (which  can  only  afFed  the 
apparent  motions,  places,  and  declinations  of  the 

fixed  Stars),  but  to  the  difference  between  the  Civil 
and  Solar  year,  which  is  ii  minutes  3 feconds; 
the  Civil  year  containing  365  days  6 hours,  and 
the  Solar  year  365  days  5 hours  48  minutes  57 
feconds.  The  next  following  Table,  page  i 
Ihews  thejength,  and  confequently  the  difference 
of  any  number  of  Sydereal,  Civil,  and  Solar  years 
from  I to  10,000. 

250.  The  above  1 1 minutes  3 feconds,  by  which  The  reafon 
the  Civil  or  Julian  year  exceeds  the  Solar,  amounts  t^e  sme"^ 
to  II  days  in  1433  years:  and  fo  much  our  fea-  ' * 
fons  have  fallen  back  with  refped  to  the  days  of 

the  months,  fince  the  time  of  the  Nicene  Council 
in  A.  D.  325,  and  therefore,  in  order  to  bring  back 
all  the  Falls  and  Fellivals  to  the  days  then  fettled, 

it 
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it  was  requifite  to  fupprefs  1 1 nominal  days.  And 
that  the  lame  feafons  might  be  kept  to  the  fame 
times  of  the  year  for  the  future,  to  leave  out  the 
Biflextile  day  in  February  at  the  end  of  every  cen- 
tury of  years  where  the  fignificant  figures  are  not 
divifible  by  4;  reckoning  them  only  common  years, 
as  the  17th,  1 8th,  and  19th  centuries,  viz.  the 
years  1700,  1800,  1900,  &c.  becaufc  a day  inter- 
calated every  fourth  year  was  too  much,  and  re- 
taining the  Biflextile-day  at  the  end  of  thofeCentu- 
ries  of  years  which  are  divifible  by  4,  as  the  16th, 
20th,  and  24th,  Centuries;  viz.  the  years  1600, 
2000,  2400,  &c.  Otherwife,  in  length  of  time,  the 
feafons  would  be  quite  reverfed  with  regard  to  the 
months  of  the  year;  though  it  would  have  required 
near  23,783  years  to  have  brought  about  fuch  a 
total  change.  If  the  Earth  had  made  exadly  365 1 
diurnal  rotations  on  its  Axis,  while  it  revolved 
from  any  Equinodtial  or  Solftitial  point  to  the  fame 
again,  the  Civil  and  Solar  years  would  always  have 
kept  pace  together,  and  the  Style  would  never 
have  required  any  alteration. 

251.  Having  already  mentioned  the  caufeof  the 
Preceffionof  the  Equinoftial  pointsin  theHeavens, 
§ 246,  which  occafibns  a flow  deviation  of  the 
Earth’s  axis  from  its  parallelifm,  and  thereby  a 
change  of  the  declination  of  the  Stars  from  the 
Equator,  together  with  a flow  apparent  motion  of 
the  Stars  forward  with  refpedt  to  the  Signs  of  the 
Ecliptic,  we  fliall  now  explain  the  Phenomena  by 
a Diagram. 

Let  NZSVL  be  the  Earth,  SONJ  its  Axis  pro- 
duced to  the  ftarry  Heavens,  and  terminating  in  yf, 
the  prefent  north  Pole  of  the  Heavens,  which  is 
vertical  to  N the  north  Pole  of  the  Earth.  Let 
EO^be  the  Fquator,  theTropic  of  Cancer, 

and  FFyf  the  Tropic  of  Capricorn:  FOZ  the 
Ecliptic,  and  BO  its  Axis,  both  which  are  immove- 
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able  among  the  Stars.  But,  as  * the  Equinoctial 
points  recede  in  the  Ecliptic,  the  Earth’s  Axis 
SONh  in  motion  upon  the  Earth’s  center  O,  in 
fuch  a manner,  as  to  defcribc  the  double  Cone 
A^Ow  and  SOs,  round  the  Axis  of  the  Ecliptic  AO, 
in  the  time  that  the  Equinodlial  points  move 
quite  round  the  Ecliptic,  which  is  25,920  years; 
and  in  that  length  of  time  the  north  Pole  of  the 
Earth’s  Axis  produced,  delcribes  the  Circle 
ABCOA  in  the  ftarry  Heavens,  round  the  Pole 
of  the  Ecliptic,  which  keeps  immoveable  in  the 
center  of  that  Circle.  TheEarth’s  Axis  being  23^ 
degrees  inclined  to  the  Axis  of  the  Ecliptic,  the 
Circle  ABCDA,  defcribed  by  the  north  Pole  of 
the  Earth’s  Axis  produced  to  A,  is  47  degrees  in 
diameter,  or  double  the  inclination  of.  the  Earth’s 
Axis.  In  confequcnce  of  this  motion,  the  point.^, 
which  at  prefent  is  the  north  Pole  of  the  Heavens, 
and  near  to  a ftar  of  the  fecond  magnitude  in  the 
tail  of  the  conftellation  called  the  Little  Bear,  mult 
be  deferted  by  the  Earth’s  Axis;  which  moving 
backward  a degree  every  72  years,  will  be  direded 
toward  the  Star  or  point  B in  6480  years  from  this 
time:  and  in  twice  that  time,  or  12,960  years,  it 
will  be  direded  toward  the  Star  or  Point  C- 
which  will  then  be  the  north  Pole  of  the  Heavens’ 
although  it  is  at  prefent  H*.  degrees  fouth  of  the 
Zenitli  of  London  L.  The  prelent  pofition  of  the 
Equator  £0^,  will  then  be  changed  into^Oy, 
the  Tropic  of  Cancer  ^TssZ  into  Ft^s,  and  the 
Tropic  of  Capricorn  vs  \n\.o  t Vf  Z as  is  evi- 
dent by  the  Figure;  and  the  Sun,  when  in  that 
part  of  the  Heavens  where  he  is  now  over  the 


* The  Equinodial  Circle  intfrfeas  the  Ecliptic  in  two  06- 
pofue  points;  namely,  the  firll  points  of  the  figns  Aries  an^d 

when^  the  Sun  Equinodi.l  pjots.  becaufe 

when  the  Sun  ,s  in  either  of  them,  he  is  direiily  over  the 

rreftrtal  Equator;  and  then  the  days  and  nights  are 
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Of  the  PreceJJlon  of  the  Equinoxes, 

carthlyT  ropic  of  Capricorn,  and  makes  the  fhorteft 
days  and  longeft  nights  in  the  Northern  Hemi- 
fphere,  will  then  be  over  the  earthly  Tropic  of 
Cancer,  and  make  the  days  longeft  and  nights 
fliorteft.  And  it  will  require  12,960  years  more, 
or  25,920  from  the  prefcnt  time,  to  bring  the 
north  Pole  N quite  round,  fo  as  to  be  directed 
toward  that  point  of  the  Heavens  which  is  vertical 
to  it  at  prefent.  And  then,  and  not  till  then,  the 
fame  Stars,  which  at  prefent  defcribe  the  Equator, 
Tropics,  and  Polar  Circles,  &c.  by  the  Earth’s 
diurnal  motion,  will  defcribe  them  over  again. 
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A TABLE  fhewing  the  Time  contained  in  any  number  of  Sydereal, 
, Julian,  and  Solar  Years,  from  i to  10000. 
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A TABLE  fhewing  the  Sun’s  true  Place,  and  Dillance  from 
its  Apogfe,  for  the  fecood  Year  after  Leap-year. 
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A TABLE  /hewing  the  Sun’s  true  Place,  and  Dirtance  from 
its  Apogee,  for  the  fecond  Year  after  Leap-year. 
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A TABLE  (hewing  the  Sun’s  true  Place,  and  Diftance  from 
its  Apogee,  for  the  fecond  Year  after  Leap-Year, 
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Equation  T abtes. 


A TABLE  fliewlng  what  Time  it  ought  to  be  by  the 
Clock  when  the  Sun’s  Center  is  on  the  Meridian. 
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H 

22 

1 1 

50 

2 

48 

5 

5 

52 

>4- 

27 

1 1 

35 

2 

30 

6 

XU 

6 

19 

XII 

•4 

31 

XII  11 

21 

XII 

2 

13 

7 

6 

45 

14 

34 

1 1 

6 

1 

55 

8 

7 

10 

H 

37 

10 

50 

1 

38 

9 

• 

7 

35 

H 

38 

10 

34 

1- 

21 

10 

0 

14' 

39’ 

10 

18 

1- 

4 

1 1 

XII 

8 

24 

XII 

14 

39 

XII  10 

2 

XII 

0 

-48 

12 

8 

47 

14 

38 

9 

45 

0 

32 

13 

9 

10 

14 

37 

9 

28 

0 

»7 

H 

9 

32 

14 

35 

9 

11 

0 

1 

15 

9 

53 

1 

14 

32 

8 

54 

XI 

59 

47 

It) 

XII 

10 

H 

XII 

14 

28 

XII  8 

36 

XI 

59 

32 

17 

lO 

34 

14 

24 

8 

18 

59 

18 

18 

10 

53 

14 

19 

8 

0 

59 

4 

‘9 

1 1 j 

12^ 

■j 

Hi 

13 

7 

42 

58 

51* 

20 

11 

3°, 

, t 

H, 

. 7 

, 7' 

24 

58 

38 

2 1 

XII 

1 1 

47 

XII 

H 

0 

XII  7 

6 

XI 

58 

26 

Zl 

12 

3 

13 

52 

0 

47 

58 

H 

23 

12 

19 

13 

44 

6 

29 

58 

2 

24 

12 

34 

13 

35 

6 

10 

57 

51 

25 

12 

48 

13 

z6 

5 

52 

57 

41 

26 

XII 

‘3 

0 

XII 

13 

16 

XII  5 

33. 

XI 

57 

3' 

27 

«3 

>3 

13 

5 

5 

‘5 

57 

21 

28 

»3 

25 

1 2 

54 

4 

56 

57 

1 2 

29 

*3 

36 

12 

42 

4 

37 

57 

4 

10 

»3 

45 

4 

»9 

56 

55 

23 

54 

4 

0 

• ^ 

7 


.'Equation  'Eahles, 
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A T A B L E fhewing  what  Time  it  ought  to^be  by  the 
Clock  when  the  Sun’s  Center  is  on  the  Meridian. 


The  Bi/Textile,  or  Leap-Year. 


0 May. 

June. 

. July. 

H.  M.  S. 

H.  M.  S. 

H.  M.  S. 

1 XI  56  48 

2 56  41^ 

3 56  34 

4 56  28 

5 56  23 

XI  57  30 

57  40 
57  49 

57  59 

58  no 

XII  3 129 
3 .40 

3 5» 

4 02 

4 12 

6 XI  56  118 

8 'a  + 

0 50  |IO 

9 56  7 

10  56  5 

XI  38  20 
58  «3» 
58  42 

58  54 

59  6 

XII  4 22 

4 31 
4 40 
4 49 
4 :57 

11  XI  56  3 

12  56  I 

13  56  0 

; 14  56  0 

«5  5*5  01 

XI  39  18 

59  30, 
59  42 

VTT 

XII  0 8 

xn  5 5. 

5 J3 
5 20 

5 26 
5 32 

16  XI  36  2 

17  56  4 

18  56  6 

19  56  9 

20  56  12 

XII  0 20 

° 33 
0 46 

0 59 

* »3 

XII  s 38 
5 43 
5 48 
5 52 
5 56 

21  XI  36  16 

22  36  20 

23  56  25 

24  56  31 

2c  36  36 

XII  1 26 

* 39 

1 52 

2 4 

2 17 

XII  3 39  ; 

6 1 

6 ^ 

6 4 

26  XI  36  43 

27  56  50 

28  36  37 

29  57  5 

^ 57  13 

11  ^ . 

XII  2 30 

2 42 

2 54 

3 6 
3 >8 

XII  6 4 J 

6 + 

6 2 

6 0 

5 58 

Auguft. 


H.  M.  S. 


XII  5 
5 47 
5 42 
S 136 
5 36 


XII 


5 

5 

5 

5 

4 


23 

n6 

2 

o 

'51, 


XII  s4  41 

4 3* 
4 21 
4 10 
3 58 


XII  3 46 

3 33 
3 20 

3 7 

2 S2 


XII 


2 

2 

2 

1 

I 

1 

I 

o 

o 

o 


38 1 
23 

7 

35  ‘ 

18  I 

1 

44 

26 

8 


55  'XI  59  40 


M 


i66 


Equation  Tables. 


A TABLE  (hewing  what  Time  it  ought  to  be  hy  the 
Clock  when  the  Sun’s  Center  is  on  the  Meridian. 


The  Biflextile,  or  Leap-Year. 


o 

September. 

Oftober. 

November. 

December. 

CA 

H. 

M. 

S. 

H. 

M. 

S. 

H. 

M. 

S. 

H. 

M. 

S. 

1 

XI 

59 

30 

XI 

49 

22 

XI 

43 

45 

XI 

49 

43 

z 

59 

1 1 

49 

3 

43 

45 

50 

7 

3 

58 

52 

48 

45 

43 

45 

50 

3‘ 

4- 

58 

32 

48 

27 

43 

47 

50 

56 

5 

58 

12 

48 

9 

43 

49 

51 

21 

6 

XI 

57 

52 

XI 

47 

53 

XI 

43 

53 

XI 

51 

47 

7 

57 

32 

47 

36 

43 

57 

52 

»3 

8 

57 

12 

47 

‘9 

44 

2 

52 

40 

9 

56 

5‘ 

47 

4 

44 

8 

53 

8 

lO 

30 

46 

48 

44 

>4 

53 

35 

1 1 

XI 

56 

10 

XI 

46 

33 

XI 

44 

22 

XI 

54 

3 

12 

55 

49 

46 

>9 

44 

30 

54 

32 

•3 

55 

28 

46 

6 

44 

40 

55 

01 

H 

55 

7 

45 

52 

44 

50 

55 

30 

•5 

54 

46 

45 

40 

45 

I 

56 

0 

i6 

XI 

54 

25 

XI 

45 

28 

XI 

45 

13 

XI 

56 

29 

«7 

54 

5 

45 

16 

45 

25 

56 

59 

i8 

53 

44 

45 

6 

45 

39 

57 

29 

19 

53 

23 

44 

55 

45 

53 

57 

59 

20 

53 

2 

44 

46 

46 

8 

58 

29 

2 1 

XI 

52 

4» 

XI 

44 

37 

XI 

46 

24 

XI 

58 

59 

22 

52 

2 I 

44 

29 

46 

41 

59 

29 

23 

52 

0 

44 

2 1 

46 

58 

59 

59 

24 

5' 

40 

44 

14 

47 

16 

XII 

0 

29 

25 

51 

«9 

44 

8 

47 

35 

0 

_59 

26 

XI 

5° 

59 

XI 

44 

2 

XI 

47 

55 

XII 

I 

" 29 

27 

5° 

39 

43 

57 

48 

»5 

I 

58 

28 

5° 

20 

43 

53 

48 

36 

2 

27 

29 

50 

0 

43 

5° 

48 

58 

2 

56 

30 

4? 

4« 

43 

48 

49 

20 

3 

25 

3' 

43 

4^ 

54 

Equation  dalles. 
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A TABLE  fliewing  what  Time  it  ought  to  be  by  the 
Clock  when  the  Sun’s  Center  is  on  the  Meridian. 

The  firft  Year  after  Leap-Year. 

C 

CO 

January. 

February. 

March. 

Apr)!, 

H.  M.  S. 

H.  M.  S. 

H.  M.  S. 

H.  M.  S.i 

1 

2 

3 

6 

7 

8 

9 

10 

1 1 
12 
«3 
H 

15 

16 

>7 

18 

•9 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

XII  4 23 

4 S> 

5 *9 

5 46 

6 13 

XII  14  9 

14  16 

14  21 
14  27 

H 31 

XII  12  33 

12  20 

12  7 

11  54 

1 1 40 

XII  3 47 

3 39 
3 10 

2 52 

2 35 

XII  6 39 

7 4 

7 30 

7 54 

8 18 

XII  14  34 
H 37 
H 39 
14  40 

14  40 

XII  II  25 
1 1 10 

10  55 

10  39 

10  23 

XII  2 17 

2 0 

I 43 
1 25 

I 9 

XII  8 42 

9 4 

9 26 

9 4^ 
10  9 

XII  14  39 
H 38 
H 30 

H 33 
H 30 

XII  10  7 

/ 9 50 

9 33 
9 i6 
8 58 

XII  0 52 
0 36 

0 20 

0 5 

XI  59  50 

XIX  10  29 

10  48 

11  7 

1 1 25 

11  42 

XII  14  25 
14  20 
14  15 

14  9 

14  2 

XII  8 41 
8 23 

8.  S 
7 47 
7 29 

59  35 
59  21 

59  7 

58  54 

58  41 

XII  n 59 
12  15 

12  30 

12  44 

12  58 

XII  13  54 

13  46 

>3  37 
13  28 

13  18 

XII  7 10 

6 52 

6 33 
6 15 

5 56 

XI  58  28 

58  16 

58  4 

57  53 
57  43 

XII  13  10 

13  22 

>3  33 
13  43 
*3  S3 

XII  13  8 

12  57 

12  45 

XII  5 38 

5 19 

S > 
4 42 
4 23 

XI  57  32 

57  23 

57  H 

56  57 

,3' 

14  I 



M 4 
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A T A B L E (hewing  what  Time  it  ought  to  be  by  the 
^Clock  when  the  Sun’s  Center  is  on  the  Meridian. 


The  firfl  Year  after  Leap-Year. 


t 

May. 

■ -iP  ■ 

June 

• 

July 

1 

Augull. 

CO 

ti. 

M. 

S. 

H. 

M. 

S. 

H. 

M. 

S. 

H. 

M. 

S. 

I 

XI 

56 

49 

XI 

57 

27 

XII 

3 

26 

XII 

5 

52 

2 

56 

42 

57 

36 

3 

37 

s 

48 

3 

56 

35 

57 

46 

3 

48 

5 

43 

4 

5^ 

29 

57 

56 

3 

58 

5 

38 

5 

56 

24 

58 

6 

4 

9 

5 

32 

6 

XI 

56 

>9 

XI 

58 

»7 

XII 

4 

19 

XII 

5 

25 

7 

56 

*4 

58 

27 

4 

28 

5 

28 

8 

56 

1 1 

58 

38 

4 

37 

5 

10 

9 

56 

7 

58 

50 

4 

46 

5 

2 

lO 

56 

5 

59 

2 

4 

55 

4 

53 

II 

XI 

2 

XI 

59 

14 

XII 

5 

3 

XII 

4 

44 

IZ 

56 

I 

59 

26 

5 

10 

4 

34 

•3 

0 

59 

38 

5 

*7 

4 

24 

H 

0 

59 

50 

5 

24  I 

4 

»3 

•S 

56 

0 

XII 

0 

3 

5 

30 

4 

I 

i6 

XI 

56 

I 

XII 

0 

16 

Xlf 

5 

•36 

XII 

3 

49 

'7 

56 

2 

0 

29 

5 

4» 

3 

37 

i8 

56 

4 

0 

42, 

5 

46 

3 

24 

19 

56 

7 

0 

55 

5 

5a 

3 

10 

20 

56 

10 

I 

8 

5 

54 

2 

56 

21 

XI 

56 

*3 

XII 

I 

21 

XII 

5 

57 

X'lf 

2 

42 

22 

56 

»7 

1 

34 

6 

0 

2 

27 

23 

56 

22 

1 

47 

6 

2 

2 

12 

24 

56 

28 

2 

0 

6 

3 

I 

56 

25 

56 

33 

2 

»3 

6 

4 

I 

40 

26 

XII  56 

40 

XII 

2 

25 

Xll 

6 

~4 

XII 

I 

23 

27 

56 

47- 

2 

38 

6 

4 

1 

6 

28 

56 

54. 

2 

50 

6 

3 

0 

49 

29 

> 

57 

02 

3 

02 

6 

I 

0 

3‘ 

57 

10 

3 

H 

5 

59 

0 

*3 

31 

<:7 

18 

•* 

,5 

5^ 

XI 

59 

55 

Equation  Tables, 
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A TABLE  (hewing  what  Time  it  ought  to  .be  by  the 
Clock  when  the  Sun’s  Center  jis,  on  the  Meridian. 

The  firll  Year  after  Leap-Year. 

t 
1 ^ 

1 " 
t 

i * 

2 

3 

4 

^ 5 

September. 

Oftober. 

November. 

iSecember. 

H.  M.  S. 

H.  M.  S. 

HrM.~~S^ 

hT  M.  S. 

XI  59  36 

59  *7 
58  58 

58  38 

58  18 

XI  49  28 
49  9 

48  51 

48  33 

48  15 

XI  43  46 
43  46 
43  47 
43  48 
43  50 

xi  49  38 

50  01 

50  25 

50  50  = 

5»  ^5 

» 

i 6 

7 

8 

9 

lO 

XI  57  58 
57  38 
57  18 

56  57 

56  37 

XI  47  58 

47  41 
47  24 

47  8 

46  S3 

XI  43  53 

43  57 

44  » 

44  7 

44  13 

XI  51  41 

52  7 

52  34 

53  01 

53  28 

1 1 
12 

»3 

M 

'5 

16 

17 

>9 

20 

XI  56  16 

55  55 
' 55  34 
55  *3 

54  52 

XI  46  38 

46  24 

46  10 

45  56 
45  44 

XI  44  21 
44  29 
44  38 
.^4  48 
44  59 

XI  S3  S6 

54  25 
’ 54  54 

55  23 
55  52 

XI  54  3> 
54  11 
53  50 
53  29 

53  8 

XI  45  32 
45  20 

45  9 

44  59 
44  49 

XI  45  10 

45  23 

45  36 

45  50 

46  5 

XI  56  22 

56  51 

57  21 

57  5* 

58  21 

zi 

22 

23 

24 

25 

XI  52  47 

52  27 

52  6 

51  46 
51  25 

XI  44  40 
44  31 
44  24 

44  17 
44  10 

XI  46  21 

46  37 

46  54 

47  12 
47  3* 

XI  58  51 

59  22 

59  52 

XII  0 22 
0 52 

26 

27 

28 

29 

30 

li. 

XI  5«  5 

50  45 
50  26 
50  6 

49  47 

XI  44  5 

44  0 

43  56 

43  52 
43  49 

XI  47  51 

48  1 1 

48  31 

’48  53 

49  15 

XII  1 21 

» 5» 
2 20 

2 50 

3 19 

43  47 

f 3 47 

170 
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A TABLE  Ihewing  what  Time  it  ought  to  be  by  the 
Clock  when  the  Sun’s  Center  is  on  the  Meridian. 


The  fecond  Year  after  Legp-Year. 


o 

January. 

j. — 

February. 

March. 

April. 

CA 

H.  M. 

s. 

H.  M. 

s. 

H. 

M. 

S. 

H. 

M. 

S. 

I 

XII  4 

15 

XII  14 

6 

XII 

12 

35 

XII 

3 

50 

2 

4 

43 

14 

13 

12 

23 

3 

32 

i 

5 

1 1 

14 

19 

12 

9 

3 

H 

4 

5 

38 

14 

24 

1 1 

56 

2 

56 

5 

6 

S 

14 

29 

1 1 

42 

2 

38 

6 

XII  6 

31 

XII  14 

32 

XII 

1 1 

27 

XII 

2 

20 

7 

6 

57 

14 

35 

1 1 

13 

2 

3 

8 

7 

22 

14 

37 

10 

58 

I 

46 

9 

7 

47 

14 

39 

10 

42 

1 

29 

lO 

8 

12 

14 

39 

10 

z6 

1 

12 

1 1 

XII  8 

35 

XII  14 

39 

XII 

10 

r 

10 

XII 

0 

56 

12 

8 

• 

58 

14 

38 

9 

54 

0 

40 

'3 

9 

21 

14 

36 

9 

37 

0 

24 

>4 

9 

43 

14 

34 

9 

20 

0 

9 

'5 

10 

4 

14 

3' 

9 

3 

XI 

59 

54 

i6 

XII  to 

24 

XII  ‘14 

27 

XII 

8 

45 

XI 

59 

39 

17 

10 

44 

14 

22 

8 

28 

59 

25 

i8 

II 

3 

14 

17 

8 

10 

59 

1 1 

19 

II 

22 

14 

1 1 

7 

52 

58 

58 

20 

1 1 

39 

14 

4 

7 

34 

58 

45 

21 

XII  11 

56 

XII  13 

57 

XII 

7 

15 

XI 

58 

32 

22 

12 

12 

13 

49 

6 

57 

58 

20 

*3 

12 

27 

13 

40 

6 

38 

58 

8 

24 

12 

41 

13 

31 

6 

20 

57 

56 

*5 

12 

55 

13 

21 

6 

1 

57 

45 

26 

XII  13 

7 

XII  13 

10 

■XII 

5 

42 

XI 

57 

35 

27 

13 

19 

12 

59 

5 

24. 

57 

25 

28 

13 

30 

12 

47 

5 

5 

57 

IS 

29 

13 

40 

4 

46 

57 

6 

30 

13 

50 

4 

27 

56 

58 

13 

58  1 

• 

4 

9 

■ ’ 
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A TABLE  (hewing  what  Time  it  ought  to  be  by  the 
Clock  when  the  Sun’s  Center  is  on  the  Meridian. 


The  fecond  Year  after  Leap-Year. 


Cf 

p 

c* 

May. 

June . 

July. 

Auguft. 

H.  M.  S. 

H.  M.  S. 

H.  M.  S. 

H.  M.  S. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

‘3 

•4 

•5 

XI  56  50 

5^  43* 
56  36 

56  30 

56  24 

XI  57  24 

57  33 
57  42 

57  52 

58  3 

XII  3 22 

3 33 
3 44 

3 55 

4 5 

XII  5 53 
5 49 
5 44 
5 39 

5 33 

XI  56  .19 
56  15 

56  1 1 

56  7* 

56  5 

XI  58  13 

58  24 

58  35 
58  47 
58  59 

XII  4 16 
4 26 

4 35 
4 44 
4 53 

XII  5 27 

5 20 

5 13 

5 5 

4 5^  . 

XI  56  3 

56  I 

56  0 

56  0 

56  0 

XI  59  11 

59  23 
59  37 
59  48 

XII  0 01 

XII  5 01 

5 9 

5 >7 

5 23 

5 30 

XII  4 47 ; 
4 38 

4 27 
4 *7 
4 5 

16 

'7 

18 

»9 

20 

21 

22 

23 

24 

25 

z6 

27 

28 

29 

30 

41 

XI  56  1 

56  2 

56  4 

56  7 

56  10 

XII  0 14 

0 27 

0 40 

0 53 

1 6 

XII  5 36 

5 41 
5 46 
5 50 

5 54 

XII  3 53 

3 41 
3 28 

3 »5 

3 » 

XI  56  13 

56  17 

56  22 

56  27 

56  32 

XII  1 19 

I 3‘ 

1 44 

* 57 

2 10 

XII  5 57 

6 0 

6 I 

6 3 

6 4 

XII  2 46 

2 31 

2 16 

2 0 

I 44 

XI  56  38 

56  45 
56  42 

56  59 

57  7 

XII  2 22 

■ 2 34 

2 46 

2 58 

3 10 

XII  6 4 

6 3 

6 2 

6 I 

5 59 

XII  1 27 

I 10 
0 53 

^ O') 

0 1 7 

57 

1 

5 56 

XI  59  >;o 
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^ ^ ^ ? fliewing  what  Time  it  ought  to  be  by  the 

Clock  when  the  Sun’s  Center j is  on  the  Meridian.  I 


The  fecoud  Year  after  Leap-Year. 


t 

0» 

September. 

Oftober. 

November. 

December. 

H. 

M. 

S. 

H. 

M. 

S. 

H. 

M. 

S. 

H. 

M. 

S. 

1 

XI 

59 

40 

XI 

49 

32' 

XI 

43 

46. 

XI 

49 

32 

2 

59 

2i 

49 

>4 

43 

>f6 

49 

56 

59 

2 

48 

55 

43 

46 

5° 

20. 

i 

58 

43 

48 

,37 

43 

48 

50 

44 

5 

58 

23 

48 

20 

43 

•50. 

5* 

9 

6 

XI 

58 

4 

XI 

48 

3 

XI 

43 

53 

XI 

5* 

35 

7 

57 

44 

47 

46 

43 

57' 

52 

1 

is 

57 

23 

47 

29; 

44 

1 

52 

28 

9 

57 

3 

47 

,14 

44 

7 

52 

55 

lO 

56 

43 

46 

S8 

44 

*3 

53 

23 

1 1 

XI 

56 

22 

XI 

46 

43 

XI 

44 

20 

XI 

53 

51 

12 

56 

I 

46 

29 

44 

i2S 

54 

19 

13 

55 

41 

46 

>5 

44 

137 

54 

48 

•4 

55 

20 

46 

I 

44 

47 

55 

*7 

54 

59 

45 

48 

44 

57 

55 

46 

16 

XI 

54 

38 

XI 

45 

36 

XI 

45 

8 

XI 

56 

»S 

17 

54 

»7 

45 

24 

45 

20 

56 

45 

18 

53 

56 

45 

»3 

45 

33 

57 

H 

19 

53 

35 

45 

2 

» 

45 

47 

57 

44 

20 

53 

H 

44 

52 

46 

2 

58 

*4 

21 

XI 

52 

53 

XI 

44 

42 

XI 

46 

*7 

XI 

58 

44 

22 

52 

32 

44 

34 

46 

33 

59 

H 

23 

52 

1 1 

44 

26 

46 

50 

59 

44 

24 

5» 

5» 

44 

18 

47 

7 

XII 

0 

‘4 

25 

5‘ 

30 

44 

1 1 

47 

26 

0 

44 

26 

XI 

5> 

10 

XI 

44 

6 

XI 

47 

45 

XII 

I 

>3 

27 

50 

50 

44 

0 

48 

5 

T 

43  : 

28 

50 

30 

43 

56 

48 

20 

2 

12  , 

29 

50 

1 1 

43 

52 

48 

47 

2 

42  1 

30 

49 

5> 

43 

50 

49 

9 

3 

II  ' 

31 

43 

48 

3 

40. 
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A TABLE  Ihewing  what  Time  it  ought  to  be  by  the 
Clock  when  the  Sun’s  Center  is  on  the  Meridian. 

The  third  Year  after  Leap-Year. 

t 

January. 

February. 

March, 

April. 

H.  M.  SI 

H:  M;  S, 

H.  M.  S. 

H.  M.  S. 

1 

2 

3 

A 

5 

6 

7 

8 

9 

10 

1 1 

12 
•3 
«4 
‘5 

16 

‘7 

18 

*9 

10 

11 
22 
*3 
H 

>6 

^7 

28 

29 

30 

4- 

3J 

XII  4 8 

4 36 

5 4 

i 5 32 

5 S9 

XII  14  4 

14  1 1 
' 14  17 

’ 14  23 

14  28 

XII  12  38 

12  25 

12  12 

11  59 

11  45 

XII  3 55 
3 36 
3 18 

3 0 

2 .43 

XII  6 25 

6 51 

7 »7 
7 42 

: 8 6 

;Xii  14  32 

: H 35 

: H 37 

!’  H 39 

' 14  40 

XII  11  31 

II  17 
10  2 

10  46 
10  31 

XII  2 25 

2 8 

> 51 

* 34 

1 17 

XII  8 30 

8 53 

9 16 

‘ 9 38 

9 59 

XII  14  40 

H 39 
H 37 
H 35 
H 3‘ 

XII  10  14 

9 58 
9 4> 
9 24 

9 7 

XII  I 1 
0 44 

0 29 

.0  13 

XI  59  58 

XII  10  20 
10  39 

10  58 

1 1 17 

11  34 

XII  14  27 

H 23 

.H  «7 
14  1 1 

' H 5 

XII  8 49 
8 32 

8 14 

‘ 7 55 

7 37 

XI  59  43 

59  23 

59  H 
59  0 

58  47 

XIIii  51 
12  7 

12  22 
12  36 

12  50 

XII  13  3 

‘3  »S 
*3  27 
*3  37 

>3  47 

XII  13  57 

*3  49 
‘3  4‘ 
13  32 

13  22 

XII  7 19 

7 0 

6 42 

6 23 

6 4 

XI  58  34 

58  22 

58  10 

57  58 
57  47 

XII  13  12 

«3  I 
12  50 

■XII  5 46 
5 27 

5 8 
4 50 
4 31 

XI  57  37 
57  27 

57  17 
57  8 

57  0 

> 3 

4-  '3 
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A TABLE  fhewing  what  Time  it  ought  to  be  by  the 
Clock  when  the  Sun’s  Center  is  on  the  Meridian. 


The  third  Year  after  Leap-Year. 


o 

May 

June. 

July 

%— 

Auguft. 

H. 

M. 

S. 

H. 

M. 

S. 

H. 

M. 

S. 

H. 

M. 

s. 

I 

XI 

56 

52 

XI 

57 

22 

XII 

3 

20 

XII 

5 

54 

2 

56 

45 

57 

3> 

3 

3« 

5 

50 

3 

56 

38 

57 

4‘ 

3 

42 

S 

46 

4 

56 

32 

57 

5' 

3 

53 

5 

4« 

5 

56 

26 

58 

1 

4 

4 

5 

35 

6 

XI 

56 

21 

XI 

58 

12 

XII 

4 

>4 

XII 

5 

29 

7 

56 

«7 

58 

23 

4 

24 

5 

22 

8 

56 

»3 

58 

34 

4 

34 

5 

15 

9 

56 

9 

58 

45 

4 

43 

5 

7 

lO 

56 

6 

58 

57 

4 

52 

4 

58 

1 1 

XI 

56 

4 

XI 

59 

8 

XII 

S 

0 

XII 

4 

49 

12 

56 

2 

59 

21 

5 

8 

4 

40 

'3 

56 

I 

59 

33 

S 

>5 

4 

29 

*4 

56 

0 

59 

45 

s 

22 

4 

>9 

'5 

56 

0 

59 

58 

5 

28 

4 

7 

|6 

XI 

56 

I 

XII 

" 0 

10 

XII 

S 

34 

XII 

3 

55 

>7 

56 

2 

0 

23 

5 

39 

3 

43 

i8 

56 

4 

0 

36 

S 

44 

3 

30 

•9 

56 

6 

0 

49 

5 

48 

3 

17 

20 

56 

8 

I 

I 

S 

52 

3 

3 

21 

XI 

56 

1 1 

XII 

1 

H 

XII 

5 

55 

XII 

2 

48  1 

22 

.56 

»5 

I 

27 

5 

58 

2 

34 

23 

56 

20 

I 

40 

6 

0 

2 

»9 

24 

56 

25 

I 

53 

6 

2 

2 

3 

25 

S6 

30 

2 

6 

6 

3 

I 

47 

36 

XI 

56 

36 

XII 

2 

18 

XII 

6 

3' 

XII 

1 

3«  i 

27 

56 

43 

2 

31 

6 

3 

1 

H 

38 

56 

50 

2 

44 

6 

2 

0 

57 

29 

56 

57 

2 

56 

6 

I 

0 

39 

30 

57 

5 

3 

8 

5 

59 

0 

22 

3' 

57 

>3 

1 

5 

57 

0 

4 

Equation  5" ables, 


^75 


A TABLE  (hewing  what  Time  it  ought  to  be  by  the 
Clock  when  the  Sun’s  Center  is  on  the  Meridian. 


The  third  Year  after  Leap-Year. 


Days.  1 

September. 

October, 

November. 

December. 

H.  M.  S. 

H.  M.  S.^ 

H.  M.  S. 

H.  M.  S. 

1 

2 

4 

5 

6 

7 

8 

9 

to 

1 1 
I 2 
'3 

■s 

i6 

‘7 

i8 

'9 

20 

21 

22 

23 

24 

25 

XI  1,9  45 

59  26 

59  7 

58  48 

58  28 

XI  49  37 

49  19 

49  0 

4S  42 
48  24 

XI  43  47 

43  47 
43  47 
43  47 
43  49 

XI  49  27 

49  50 

50  J4 

50  38 

5«  3 

XI  58  9 

57  49 
57  28 

57  8 

56  47 

XI  48  7 

47  50 
47  33 
47  17 

47  J 

XI  43  52 

43  55 

43  59 

44  4 
44  10 

XI  5 1 29 

51  55 

52  21 

52  48 

53  15 

XI  56  27 

56  6 

55  45 
55  24 

55  3 

XI  46  46 
46  31 

46  17 
46  3 

45  50 

XI  44  17 

44  25 

44  33 
44  43 
' 44  53 

XI  53  43 
54 

54  40 

55  « 
55  37 

XI  54  42 

54  20 
S3  59 
53  38 
53  17 

XI  45  37 

45  25 

45  H 
45  3 

44  53 

XI  45  4 

45  16 

45  29 

, 45  42 

45  57 

XI  56  7 

56  36 

57  6 

57  36 

58  6 

XI  52  56 

52  36 

52  15 

5«  55 

51  35 

XI  44  43 

44  35 
44  27 
44  19 
44  ‘3 

XI  46  12 

46  2'8, 

46  45 

47  3 

47  21 

XI  38  36 
59  6 

59  36 
0 6 

0 36 

26 

27 

28 

29 

30 
3' 

XI  51  14 

50  54 
50  35 
50  15 

49  5^ 

XI  44  7 

44  I 
43  57 
43  53 
43  50 

XI  47  40 

48  0 

48  2 1 

48  42 

49  4 

XII  1 6 

1 36 

2 6 

2 35 

3 5 

43  48 

3 54 
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OBSERVE  by  a good  Meridian  Line,  or 
by  a Tranfit  Inftrument,  properly  fixed,  the  Mo- 
mentwhen  the  Sun’seenterisonthe  Meridian;  and 
fet  the  Clock  to  the  time  marked  in  the  preceding 
Table  for  that  Day  of  the  year.  Then  if  the  Clock 
goes  true,  it  will  point  to  the  Time  Ihewn  in  the 
Table  every  day  afterward  at  the  Inftant  when  it 
is  Noon  by  the  Sun,  which  is  when  his  Center  is 
on  the  Meridian. — Thus,  in  the  firll  Year  after 
Leap-year,  on  the  20th  of  October,  when  it  is  Noon  ' 
by‘the  Sun,  the  true  equal  Time  by  the  Clock  is 
only  44  minutes  49  feconds  paft  XI;  and  on  the 
laft  day  of  December  (in  that  Year)  it  fliould  be 
minutes  47  feconds  paft  XII  by  the  Clock  when  ’ 
the  Sun’s  center  is  on  the  Meridian. 

The  following  Table  was  made  from  the  pre- 
* ceding  one,  and  is  of  the  common  form  of  a T able 
of  the  Equation  of  Time;  (hewing  how  much  a' 
, Clock  regulated  to  keep  mean  or  equal  time  is' 
before  or  behind  the  Apparent  or  Solar  time 
every,  Day  of  the  Year. 


A TABLE 


A 


TABLE 

OF  THE 

EQ^UATION  OF  TIME, 

S H E W I N <5 

% 

How  much  ft  CLOCK  Ihould  be  faster 
or  SLOWER  than  the  SUN,  at  the  Noon 
of  every  Day  in  the  Year,  both  in  Leap- 
Years  and  Common  Years, 


[The  AJteTtJks  in  the  tables  Jhew  where  the 
tion  changes  to  Slow  or  Fajl.~\ 


N 
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A TABLE  of  the  Equation  of  Time,  (hewing  how 
much  a Clock  fliould  be  fafter  or  flower  than  the  Sun, 
every  Day  of  the  Year,  at  Noon. 


The  iiiflextile,  or  Leap-Year. 


o 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

u> 

M 

S. 

M. 

s. 

M 

S. 

M.  S. 

M 

S. 

M.  S. 

1 

4 

2 

H 

3 

12 

30 

3 42 

3 

12 

2 30 

2 

4Q30 

14G10 

12 

Q'7 

3 G24 

3 OlQ 

2 O20 

3 

4 

S58 

H 

S 16 

12 

0 A 

0 4 

3S  6 

3 

S26 

2 0 11 

4 

5 

^25 

«4 

^22 

1 1 

*^50 

2^48 

3 

i^32 

2^  I 

5 

5 

52 

H 

27 

1 1 

35 

2 30 

3 

37 

* 51 

6 

6 

19 

«4 

3« 

1 1 

21 

2 13 

3 

42 

I 40 

7 

6 

|4S 

H 

|34 

1 1 

* |55 

3 

?46 

» 0 29 

8 

7 

rt  10 

14 

5 37 

10 

550 

I 538 

3 

J|5o 

‘il«8 

9 

7 

‘ 35 

H 

• 38 

10 

■ 34 

1 • 21 

3 

^53 

ir  6 

lO 

8 

00 

14 

39 

10 

18 

I;  4 

3 

55 

0 

1 1 

8 

24 

14 

39 

10 

2 

0 48 

3 

57 

0 42 

12 

8 

47 

H 

38 

9 

45 

0 32 

3 

59 

0 30 

13 

9 

10 

H 

37 

9 

28 

0 17 

4 

00 

0 18 

M 

9 

32 

H 

35 

9 

1 1 

0 I 

4 

00 

0 5 

*5 

9 

53 

‘4 

32 

8 

54 

0*13 

3 

59 

out  8 1 

ifc 

10 

14 

28 

8 

36 

0 

00 

3 

58 

0 21 

17 

10 

34 

H 

24 

8 

18 

0 Q42 

3 

56 

0Q33 

18 

10 

53 

14 

*9 

8 

00 

0S56 

3 

54 

0S46 

*9 

11 

12 

H 

*3 

7 

42 

1^9 

3 

5« 

o’^59 

20 

1 1 

30 

14 

7 

7 

24 

I 22 

3 

48 

» *3 

21 

1 1 

47 

H 

00 

7 

6 

' • 34 

3 

44 

I 26 

22 

12 

3 

13 

52 

6 

47 

» 5*46 

3 

40 

i|39 

23 

12 

19 

'3 

44 

6 

29 

'%S7 

3 

35 

>552 

24 

12 

34 

?3 

35 

6 

10 

2P  8 

3 

30 

2’  5 

25 

12 

48 

»3 

26 

5 

52 

2 19 

3 

24 

2 17. 

26 

13 

1 

>3 

16 

5 

33 

2 29 

3 

17 

2 30 

27 

>3 

13 

>3 

5 

5 

>5 

2 39 

3 

10 

2 42 

28 

13 

25 

1 2 

54 

4 

56 

2 48 

3 

3 

2 54 

29 

13 

36 

12 

42 

4 

37 

2 56 

2 

55 

3 6 

30 

13 

46 

4 

19 

3 4 

2 

47 

3 >8 

3! 

13 

55 

4 

00^ 

2 

39 
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A TABLE  of  the  Equation  of  Time,  fliewing  how- 
much  a Clock  fliould  be  fafter  or  flower  than  the  Sun, 
every  Day  of  the  Year,  at  Noon. 

The  Biflextile,  or  Leap  Year.  ~ 7 


5 5 
5 >3 
5 zo 
5 26 
5 32 


S 

S 

5 

S 

s 


38 

43 

48 

52 

$6 


6 I 


6 

6 

6 


3 

4 
4 


6 

6 

6 

6 

5 


4 

4 

2 

00 

58 


i_5? 


4 

4 

4 

4 

3 


41 

3» 

21 

10 

58 


3 

3 

3 

3 

2 


46 

33 

20 

6 

52 


3 S° 

4 II 
4 32 

4 S3 

5 14 


13  27 

13  41 

13  S5 

14  8 
14  20 


38 

23 

7 

SI 

35 


I 

I 

o 

o 

o 


18 

I 

44 

26 

8 


o 1 1 


5 

5 

6 

6 

6 


35 

56 

16 

37 

58 


7 19 

7 40 

8 00 
8 20 
8 41 


9 I 
9 21 

9 41 

10  00 

10  19 


14  32 

14  44 

14  54 

15  5 

15  14 


15  38 

15  29 

15  20 

15  10 

14  59 


15  23 

*5  31 
15  39 

15  46 

15  52 


14  47 
14  34 
14  21 
14  7 

13  52 


13  36 

13  19 

2 
44 

25 


13 

12 

12 


15 

16 
16 
16 
16 

16 


58 

3 

7 

10 
1 2 

H 


12  5 

II  45 
II  24 
It  2 
10  40 


j J“>y* 

A ugult. 

Sept. 

October. 

Nov. 

Dec. 

M.  s. 

M.  S. 

M.  S. 

M.  S. 

M.  S. 

M.^  S; 

3 29 

3 Q40 
3E.5' 

4^  I 

4 12 

5 51 
5^247 
5S42 
5 36 
5 30 

0 30 

0 (7)49 
iS  8 

1 *^28 
I 48 

10  38 

10  ^57 

11  S IS 
II  *^33 
II  51 

16  15 

16  O15 
i6°  15 
16  *^13 
16  1 1 

10  17 

9 $253 

9 ° 29 

9*^  4 
8 39 

4 22 
4|3i 

4«40 

4’  49 
4 57 

5 23 
5 5^i6 
55  8 
5 ' 00 
4 51 

2 8 
25^28 

2^48 
3.“’  9 
3 30 

iz  8 

125^24 

•*;§4i 

12  56 

13  12 

16  7 

165"  3 
«S«58 

15  •■’52 

15  46 

8 13 

7 5^47 
7^20 
6^52 
6 25 

5 57 
5 28 

4 59 
4 30 
4 00 


3 

3 

2 

2 

I 


31 

1 

31 

I 

31 


I I 

o 31 
o I 
0^if29 
o 59 


I 29 

1 |s8 

2 q 27 

2 • 56 

-L— 

3 54 


N 2 


i8o 
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A TABLE  of  the  Equation  of  Time,  (hewing  how^ 
much  a Clock  fliould  be  fafler  or  flower  than  the  Sun, 
every  Day  of  the  Year,  at  Noon. 


The  firft  Year  after  Leap-Year. 


o 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

CA 

M. 

S. 

M. 

S. 

M. 

S. 

M.  S. 

M. 

S. 

M.  S.' 

1 

4 

23 

14 

9 

12 

33 

3 47 

3 

11 

2 33 

2 

4QS‘ 

14  Q16 

12  Q20 

3 Q29 

3Q18 

2 P24. 

3 

C ^ 
5 ri 

‘9 

1 A ^ 

Hr) 

21 

12S 

7 

3 S 10 

3 

S2S 

2 S 14 

4 

5^46 

14  *^26 

11^54 

2 ^52 

3 

*^31 

2^4 

5 

6 

13 

31 

1 1 

40 

2 35 

3 

36 

I 54; 

6 

6 

39 

14 

34 

1 1 

25 

2 17 

3 

41 

I 43 

7 

8 

7H 

7? 

+ 

30 

»4& 

:37 

39 

1 1 

10  n 

'10 

55 

2 SToo 
I £»43 

3 

3 

5=45 

^49 

I 5=33 
I ^22 

9 

7' 

54 

H' 

40 

10  ■ 

39 

1 ’ z6 

3 

^53 

1 10 

lO 

8 

18 

14 

40 

10 

23 

I 9 

3 

55 

0 58 

( 1 

8 

41 

14 

39 

10 

7 

0 52 

3 

57 

0 46 

12 

9 

4 

*4 

38 

9 

50 

0 36 

3 

59 

0 34 

«3 

9 

26 

H 

30 

9 

33 

0 20 

4 

00 

0 22 

14 

•9 

48 

14 

33 

9 

16 

0 5 

4 

00 

0 lO 

15 

10 

9 

14 

29 

8 

58 

0*10 

4 

00 

3 

16 

10 

29 

>4 

25 

8 

4‘ 

0 25 

3 

59 

0 16 

>7 

lO 

48 

14 

20 

8 

23 

0Q39 

3 

58 

0 O29 

18 

1 1 

7 

14 

'5 

8 

5 

0853 

3 

56 

0 n 42 

«9 

1 1 

25 

14 

9 

7 

47 

I ^ 6 

3 

S3 

0^55 

20 

1 1 

42 

14 

2 

7 

29 

i 19 

3 

50 

I 8 

21 

1 1 

59 

’13 

54 

7 

10 

I 32 

3 

47 

I 21 

22 

12 

«5 

*3 

46 

6 

52 

15=44 

3 

42 

1 ?34 

23 

1? 

30 

13 

37 

6 

33 

• ^56 

•3 

38 

1 5*47 

12 

44 

13 

28 

6 

IS 

2T  7 

3 

32 

2 ■ 00  ; 

25 

12 

5^ 

13 

18 

5 

56 

2 17 

3 

26 

2 13 

26 

13 

10 

13 

8 

5 

38 

2 28 

3 

20 

2 25 

27 

‘3 

22 

12 

57 

5 

19 

2 37 

3 

13 

2 38 

28 

*3 

33 

12 

45, 

5 

00 

2 4b 

3 

6 

2 50 

29 

13 

43 

4 

42 

2 55 

2 

58 

3 2 

30 

«3 

52 

4 

23 

3 3 

2 

50 

3 14 

3‘ 

H 

1 

4 

5 

2 

42 

■ 
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A TABLE  of  the  Equation  of  Time,  fhewing  how 
much  a Clock  fliould  be  fafter  or  flower  than  the  Sun, 
every  Day  of  the  Year,  at  Noon. 


The  iirft  Year  after  Leap-Year. 


t 

(/> 

July. 

Auguft. 

Sept. 

Odober.  1 Nov. 

Dec. 

M.  S. 

M.  S. 

M.  S. 

M.  S. 

M.  S. 

M.  S. 

1 

2 

J 

4 

5 

6 

7 

8 

9 

10 

1 1 

IZ 

13 

H 

«5 

3 26 

3 Q37 
3S48 

3^58 

4 9 

5 52 
5 G48 

5 1.43 
5 *^38 
5 32 

0 24 

0Q43 
18  2 

1 ^22 

1 42 

10  32 

10  O51 
Ji  g 9 

1 1 *^27 

11  45 

16  14 

16  Q14 
16°  13 
16  ^12 
16  10 

10  22 

9Q59 

9°  35 
9^10 

8 45 

4 19 
4g28 
4 £*37 
4-  46 
4 55 

5 25 
5 »’i8 
5q  10 
5‘  2 
4 53 

2 2 

2 »22 

2^42 

3-’’  3 

3 23 

12  2 
12  »i9 
*2«35 
1 2 5 1 

»3  7 

16  7 
16  3 
J5«59 
i5:’53 
^5  47 

8 ig 

7^53 

7^26 

5 •‘’59 

6 31 

5 3 
5 10 
5 «7 
5 24 
5 30 

4 44 
4 34 
4 24 
4 »3 
4 I 

3 44 

4 5 
4 26 

4 '47 

5 8 

1 3 22 

13  36 

13  50 

H 3 

14  16 

15  39 
•5  31 

15  22 

IS  12 
IS  I 

6 3 
5 35 
5 6 
4 37 
4 8 

i6 

'7 

i8 

«9 

20 

21 

22 

23 

24 

25 

5 36 
5 4> 
5 46 
5 50 
5 54 

3 49 
3 37 
3 24 
3 10 
2 56 

5 29 

5 50 

6 10 

6 2 1 

6 52 

14  28 
14  40 

14  5« 

»5  1 

15  11 

14  SO 

14  37 
14  24 
14  10 

‘3  55 

3 38 
3 9 
2 39 
2 9 
I 39 

5 57 

6 00 

6 2 

6 3 
6 4 

2 42 
2 27 
2 12 

* 56 

I 40 

7 13 
7 33 

7 54 

8 14 

8 35 

1 5 20 

15  29 

»5  36 
*5  43 
15  so 

13  39 

13  23 

13  6 

12  48 
12  29 

I 9 
0 38 
0 8 

0 5if22 
0 52 

26 

27 

28 

29 

30 

6 4 

0 1 
5 59 

I 23 
t 6 
0 49 
0 31 
0 13 

8 55 

9 >5 
9 34 
9 54 

10  13 

»5  55 
16  00 
16  4 

16  8 

16  II 

12  9 

II  49 
1 1 28 

II  7 

10  4s 

1 22 

1 

2 nZO 

2‘  50 

3 19 

3> 

1 56 

0*  5 

16  13 

3 47 

N 3 
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A T A B L E of  the  Equation  of  Time,  fhewing  how 
much  a Clock  Ihould  be  falter  or  flower  than  the  Sun, 
every  Day  of  the  Year,  at  Noon. 


The  fecond  Year  after  Leap-Year. 


D 

Jan 

• 

Feb 

. 

March. 

April. 

May. 

June. 

%n 

M. 

S. 

M. 

S. 

M. 

S. 

M.  S. 

M. 

S. 

M.  S. 

I 

4 

»5 

14 

6 

12 

35 

3 50 

3 

10 

2 36 

2 

4Q43 

hQ‘3 

12  O23 

3 C32 

3Q17 

2 O27 

3 

5^ 

1 1 

14S 

>9 

12S 

9 

3 S 14 

3S 

24 

2 ° 17 

4 

5^ 

38 

14^ 

24 

11  ^ 

56 

2 ^56 

3^ 

■30 

2*^  8 

5 

6 

5 

>4 

28 

1 1 

42 

2 38 

3 

36 

» 57 

6 

6 

31 

«4 

32 

1 1 

27 

2 20 

3 

41 

I 47 

7 

6 9^ 

’57 

ItL  aT 
“ S: 

35 

1 1 

‘3 

2^  3 

3 0 

■45 

> 5^36  • 

8 

7q 

22 

37 

10  rt 

58 

1 46 

2 5 

fD 

49 

‘ S25 

9 

7' 

47 

39 

10  ■ 

42 

I ■ 29 

S" 

52 

I 13 

10 

8 

1 1 

14 

39 

to 

26 

I 12' 

3 

55 

I 1 

1 1 

8 

35 

H 

39 

10 

10 

0 56 

3 

57 

0 49 

1 2 

8 

58 

H 

38 

9 

54 

0 40 

3 

59 

0 37 

■3 

9 

21 

H 

36 

9 

37 

0 24 

4 

00 

0 24 

>4 

9 

43 

14 

34 

9 

20 

0 9 

4 

00 

0 12 

‘S 

10 

4 

«4 

3* 

9 

3 

o4f  6 

4 

00 

0 » 1 

16 

10 

24 

14 

27 

8 

45 

0 21 

3 

59 

0 14 

«7 

10 

44 

H 

22 

8, 

27 

0G35 

3 

58 

0 Q27 

18 

1 1 

3 

>4 

17 

8 

10 

0S49 

3 

56 

0^40 

>9 

1 1 

22 

H 

1 1 

7 

52 

1 2 

3 

53 

oi^S3 

20 

1 1 

39 

14 

4 

7 

34 

I 15 

3 

50 

I 6 

2 1 

1 1 

56 

13 

57 

7 

»5 

I 28 

3 

47 

I 19 

22 

12 

12 

13 

49 

6 

57 

I o4° 

3 

43 

ig32 

23 

12 

27 

13 

40 

6 

38 

> il52 

3 

38 

I ^44 

24 

12 

41 

13 

31 

6 

20 

2 r 4 

3 

33 

57 

25 

12 

55 

13 

21 

6 

I 

2 15 

3 

28 

2 10 

26 

«3 

7 

13 

10 

5 

42 

2 25 

3 

22 

2 22 

27 

13 

19 

12 

59 

5 

23 

2 35 

3 

15 

2 34 

28 

»3 

30 

12 

47 

5 

5 

2 45 

3 

8 

2 46 

29 

‘3 

40 

4 

46 

2 54 

3 

I 

2 58 

3c 

>3 

50 

4 

27 

3 2 

2 

53 

3 10 

V 

13 

58 

1 

4 

9 

1 2 

45 
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A TABLE  of  the  Equation  of  Time,  fhewing  how 
much  a Clock  fliould  be  fafter  or  flower  than  the  Sun, 
every  Day  of  the  Year,  at  Noon. 


The  fecond  Year  after  Leap-Year. 


p 

*< 

<n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 
12 
13 

‘4 

‘S 

July. 

Auguft. 

Sept. 

Oftober. 

Nov. 

Dec. 

M.  S. 

M.  S. 

M.  S. 

M.  S. 

M.  S. 

M.  S. 

3 22 

3 O33 
3°  44 
3*^55 

4 5 

5 53 

5Q49 

5S44 

5 ^39 
5 33 

0 20 

0Q39 

0858 

1 ^17 
» 37 

10  28 
20  Q46 

11  S 5 
1 1 ^23 
II  40 

16  14 

16  Q14 
i6°  14 
16  ^12 
16  10 

10  28 
loO  4 

9S40 

9 *^16 
8 51 

- 4 16 
42^26 

4«35 
4*  44 
4 53 

5 27 
5|20 
5 q 13 
5-  5 
4 56 

1 56 
2g>l6 
2^37 
2 57 
3 17 

11  57 

12»I4 

*2^30 

12  P 46 

13  2 

16  7 
i6»  3 

*5^59 
J5  47 

8 25 

7o59 

7%32 

r ^ 

0 37 

S * 
5 9 
5 »7 
5 24 
5 30 

4 47 
4 37 
4 27 
4 17 
4 5 

3 38 

3 59 

4 19 

4 40 

5 * 

13  17 
13  31 

13  45 

13  59 

14  12 

15  40 
*5  32 
15  23 
15  *3 
*5  3 

6 9 

5 41 
5 12 
4 43 
4 14 

16 

'7 

i8 

*9 

20 

5 36 
5 41 
5 46 
5 50 
5 54 

3 53 
3 4' 
3 28 
3 15 
3 I 

5 22 

0 2C 

6 46 

14  24 
H 36 
H 47 

14  58 

15  8 

14  52 

14  40 
14  27 
14  13 

13  58 

3 4^ 
3 15 
2 46 
2 16 
I 46 

21 

22 

»3 

24 

25 

6 00 
6 2 

6 4 

2 46 

2 31 

2 16 
2 00 
1 44 

7 7 
7 28 

7 49 

8 9 
8 30 

15  18 

15  26 

*5  34 
IS  42 
*5  49 

*3  43 
13  27 

13  10 

12  52 

)2  34 

I 16 

0 46 
0 16 

o^)$  14 
0 44 

26 

27 

28 

29 

30 

3> 

6 ^ 
6 ^ 
6 I 

5 59 

I 27 
I 10 
0 53 
0 35 
0 17 

8 50 

9 10 
9 30 

.9  49 
10  9 

*5  54 
*5  59 

16  4 

16  8 

16  11 

12  15 

” 55 

**  34 

II  13 

10  51 

» *3 

i^43 
2 2 iz 

2 • 42 

3 II 

0*  1 

16  12 

1 

3 40 

N 4 
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A 1 A 13  L E of  the  Equation  of  Time,  (hewing  how  ' 
much  a Clock  ftould  be  faftcr  or  flower  than  the  Sun 
every  Day  of  the  Year,  at  Noon.  * 

J he  ihird  Year  after  Leap-Year. 

o 

(A 

! J 

an* 

Feb. 

March. 

April. 

May. 

June. 

M 

•s. 

M. 

S. 

M 

S. 

M.  S. 

M 

s. 

M.  S. 

: 1 

4 

8 

14 

4 

12 

38 

3 55 

3 

8 

2 38 

I 2 

4G36 

14  Oi  I 

12 

O25 

3 Q36 

3 Q15 

2 O29 

3 

S 

0 4 

H 

S 17 

1 1 

S 12 

3^18 

3 

2 22 

2 ^ 19 

4 

5 

*^32 

H 

f^z3 

1 1 

^59 

3 *^00 

3 *^28 

2^0 

5 

5 

59 

M 

28 

1 1 

45 

2 43 

3 

34 

* 59 

6 

7 

ft 

6 

6 

1 

H 

>4 

32 

|3S 

II 
1 1 

31 

^17 

2 25 

2Sr  8 

a 

3 

3 

39 

o43 

I 48 
> o37 

O 

7 

n 17 

q37 

1 1 

5 2 

»q5« 

3 

1 < 26 

9 

7 

• 42 

14 

‘ 39 

10 

' 46 

»'  34 

3 

^5» 

I 15 

lo 

8 

6 

H 

40. 

10 

30 

I 17 

3 

54 

* 3 

1 1 

8 

30 

40 

10 

H 

1 1 

3 

56 

0 51 

12 

8 

53 

>4 

39 

9 

58 

0 45 

3 

58 

0 39 

*3 

9 

16 

*4 

37 

9 

4» 

0 29 

3 

59 

0 27 

*4 

9 

38 

14 

35 

9 

24 

0 13 

4 

00 

0 15 

*5 

9 

59 

14 

31 

9 

7 

O'Sif  2 

4 

00 

0 2 

i6 

10 

20 

H 

27 

8 

49 

0 17 

3 

59 

0 * 10 

>7 

10 

39 

H 

23 

8 

32 

0Q32 

3 

58 

°n^3 

i8 

10 

5« 

14 

17 

8 

14 

o°  46 

3 

56 

05-36 

1 1 

16 

H 

1 1 

7 

56 

I *^00 

3 

54 

oR-49 

20 

1 1 

34 

H 

5 

7 

37 

I 13 

3 

52 

I 2 

21 

1 1 

51 

•3 

57 

7 

19 

I 26 

3 

49 

1 14 

22 

12 

7 

‘3 

49 

7 

00 

15^38 

3 

45 

I g27 

23 

12 

22 

«3 

4' 

6 

42 

^%S° 

3 

40 

I «40 

24 

12 

36 

13 

32 

6 

23 

2 V 2 

3 

35 

*■  53 

25 

12 

50 

»3 

22 

6 

4 

2 13 

3 

30 

2 6 

26 

27 

28 

29 

30 

13 

»3 

»3 

>3 

3 

*5 

26 

37 

47 

13 

13 

12 

1 2 
1 

50 

5 

5 

5 

4 

4 

46 

27 

8 

50 

31 

2 23 
2 33 
2 43 

2 52 

3 00 

3 

3 

3 

3 

2 

24 

»7 

10 

3 

55 

2 18 

2 31 

2 43 

2 56 

3 8 

3« 

>3 

56 

4 

JLi_ 

2 

47 
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A TABLE  of  the  Equation  of  Time,  (hewing  how 
much  a Clock  (hould  be  fafter  or  flower  than  the  Sun, 
every  Day  of  the  Year,  at  Noon. 

The  third  Year  after  Leap-Year. 

U 

July. 

Aug»ft. 

Sept. 

October. 

Nov. 

Dec. 

M 

S. 

M 

S. 

M 

S. 

M. 

S. 

M 

S. 

M 

s. 

1 

3 

20 

5 

54 

O^jf  15 

10 

23 

16 

13 

10 

33 

2 

3 23> 

5Q50 

0 

o3+ 

10 

Q42 

16  O14 

10  Oio 

3 

3 

042 

5 

S46 

0 

^3 

1 1 

°oo 

16 

n 14 

9 

R46 

4 

3 

”■53 

5 

^41 

I 

W-12 

1 1 

^iS 

16 

^13 

9 

^ 22 

S 

4 

+ 

5 

35 

1 

32 

1 1 

36 

16 

1 1 

8 

57 

6 

4 

H 

5 

29 

1 

51 

1 1 

53 

16 

8 

8 

31 

7 

4 

5 

ST2  2 

2 

12 

0 10 

16 

^ c 
0 5 

8 

^ c ’ 
0 b 

8 

4 

J?34 

5 

q 15 

2 

^32 

12 

|27 

16 1 I 

7 

%39 

9 

4 

■ 43 

5 

• 7 

2 

•“■52 

12 

^43 

15 

•'’55 

7 

r 12 

10 

4 

52 

4 

58 

3 

13 

12 

59 

IS 

49 

« 

45 

] 1 

5 

00 

4 

49 

3 

34- 

«3 

H 

15 

43 

6 

17 

I 2 

5 

8 

4 

40 

3 

54 

13 

29 

IS 

35 

5 

49 

‘3 

5 

*5 

4 

29 

4 

*5 

13 

43 

IS 

27 

5 

20 

^4 

5 

22 

4 

18 

4 

36 

13 

57 

15 

17 

4 

52 

*5 

5 

28 

4 

7 

4 

57 

14 

10 

IS 

7 

4 

23 

16 

5 

34 

3 

55 

5 

i8 

H 

23 

14 

56 

3 

54 

*7 

5 

39 

3 

43 

5 

40 

H 

3S 

14 

44 

3 

24 

1 0 

5 

4+ 

3 

30 

6 

I 

H 

46 

14 

31 

2 

54 

*9 

5 

48 

3 

17 

6 

22 

14 

57 

14 

18 

2 

24 

20 

5 

52 

3 

3 

6 

43 

*5 

7 

14 

3 

1 

54 

ai 

5 

55 

2 

48 

7 

4 

‘5 

17 

13 

48 

1 

24 

22 

5 

2* 

58 

2 

34 

7 

24 

IS 

25 

13 

32 

0 

54 

*3 

0 

CO 

2 

19 

7 

45 

15 

33 

13 

15 

0 

24 

24 

0 

2 

2 

3 

8 

5 

15 

41 

12 

57 

0*6 

0 

3 

1 

47 

8 

25 

15 

48 

12 

39 

0 

36 

26 

27 

28 

29 

6 

6 

6 

6 

5 

3 

3 

2 

I 

59 

I 

I 

0 

0 

0 

3« 

14 

57 

39 

22 

8 

9 

9 
9 

10 

46 

6 

25 

45 

4 

15 

>5 

16 
16 
16 

53 

59 

3 

7 

10 

12 
12 
I 1 
I I 
10 

20 

00 

39 

18 

56 

1 

1 

2 

2 • 

3 

6 

iT^6 
^ A 

t 0 

’35 

5 

57 

0 

4 

i6 

12 

_JL 

34 

i86 
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A concife  EcipATiON  Table,  adapted  to  the  Second 
Year  after  Leap-Year,  and  will  be  within  a Minute 

AT-  Viewing  to  the  neareft 

full  Minute,  how  much  a Clock  (hould  be  fafter  or 
flower  than  the  Sun.  ^^'Mr.  Smeaton. 


Days. 

Months. 

Equ.  in 
Minutes. 

;Days. 

Months. 

Equ.  in 
Minutes. 

Days, 

Months. 

Jan.  I 

4 

Apr.  j 

4Q 

Aug. 10 

A 

J 

5 

7 

sQ 

7^ 

. 4 

7 

1 1 

1 ° 

2^ 

1 “ 

I ^ 

H 

20 

24 

10 

12 

8 

9? 

»5 

* 

0 n 

. 28 

3' 

*5 

1 0 r* 

sr 

*9 

1 • 

18 

24 

2 n 

Sept.  3 

21 

12  „ 

30 

3S 

6 

25 

13  0 

May  14 

4^ 

9 

y 

Feb.  6 

Hg’ 

29 
June  5 

2 

j 0 
2 ? 

12 

H 

21 

H 

10 

I 

18 

27 

Mar.  4 

13 

12 

15 

* 

0 

21 

24 

8 

1 1 

20 

*0 

27 

12 

10 

24 

2q 

30 

- 15 

9 

'J  ^ 

3 pr 

Oft.  3. 

8 

July  4 

4sr 

6 

22 

7 

1 1 

5? 

10 

25 

6 

26 

6? 

H 

28 

5 

..  19 

zr.M 
s c 
c • 


5n 
3 ^ 

2sr 

I ? 
o ^ 


1 

2 

3Q 

4S 

5*^ 

65^ 

7^ 

s: 

9 ^ 

11  ^ 
* * o 

12  CO 
s 

»3« 

H 

15 


O 

v; 


!•  «• 


Oft.  27 
Nov.  8 

>5 

20 

24 

27 

30 

Dec,  2 

5 
7 
9 

II 

»3 
*5 
18 
20 
22 
24 
« 
26 

28 

30 


2 w 

9 C 

c • 


16 

16 

JS 

Ho 

12 
1 1 

o 

10  « 
« *» 
9” 
85- 

7» 

65- 

S'* 

■'  o» 

2 

1 

O 


1 **3 
u 

2 » 
n 

3-“' 


This  Table  is  near  enough  for  regulating  com- 
rnon  Clocks  and  Watches,  It  may  be  eafily  co- 
pied by  the  Pen,  and  being  doubled,  may  be  put 
into  a Pocket-book. 


G H Ap;. 


Of  the  Moon's  Phajes. 


CHAP.  XV. 


1S7 


Pf  ATE 
VU. 


The  Moon’s 

forface 

mountain- 


^he  Moon's  Surface  mountainous : Her  Phafes  defer il>~ 
ed:  Her  Pathy  and  the  Paths  of  Jupiter's  Moons 
delineated:  Phe  Proportions  of  the  Diameters  of 
their  OrhitSy  and  thoje  of  Saturn's  Moons y to  each 
other  i and  to  the  Diameter  of  the  Sun. 

252.  ¥3^  looking  at  the  Moon  with  an  ordinary 
telefcope,  we  perceive  that  her  furface  is 
diverfified  with  long  trafts  of  prodigious  high 
mountains  and  deep  cavities.  Some  of  her  moun- 
tains, by  comparing  their  height  with  her  diameter 
(which  is  2180  miles),  are  found  to  be  three  times 
higher  than  the  higheft  hills  on  our  Earth.  This 
ruggednefs  of  the  Moon’s  furface  is  of  great  ufe 
to  us,  by  refleding  the  Sun’s  light  to  all  Tides;  for 
if  the  Moon  were  fmooth  and  polilhed  like  a 
looking-glafs,  or  covered  with  water,  fhe  could 
never  diftribute  the  Sun’s  light  all  round  •,  only  in 
fome  pofitions  Ihe  would  (hew  us  his  image,  no 
bigger  than  a point,  but  with  fuch  a luftre  as 
would  be  hurtful  to  our  eyes. 

253*  The  Moon’s  furface'being  fo  uneven,  many 
have  wondered  why  her  edge  appears  not  jagged 
as  well  as  the  curve  bounding  the  light  and  dark 
parts.  But  if  we  confider,  that  what  wc  call  the 
edge  of  the  Moon’s  Difc  is  not  a fingle  line  fet  why  no 
round  with  mountains,  in  which  cafe  it  would  ap-  ’pp''®'’ 
pear  irregularly  indented,  but  a large  zone  having 
many  mountains  lying  behind  one  another  frorn 
the  obferver’s  eye,  we  (hall  find  that  the  mountains 
in  fome  rows  will  be  oppofite  to  the  vales  in  others, 
and  fill  up  the  inequalities  fo  as  to  make  her  ap- 
pear quite  round;  juft  as  v/hen  one  looks  at  an 
orange,  although  its  roughnefs  be  very  difcernible 
on  the  fide  next  the  eye,  efpecially  if  the  Sun  or  a 
Candle  fhines  obliquely  on  that  fide,  yet  the  line 
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terminating  the  vifible  part  flill  appears  fmooth 
and  even. 

254.  As  the  Sun  can  only  enlighten  that  half 
of  the  Earth  which  is  at  any  moment  turned  to- 
ward him,  and  being  withdrawn  from  the  oppo- 
fite  hair,  leaves  it  in  darknefs ; fo  he  likewife  doth 
to  the  Moon:  only  with  this  difference,  that  the 
Earth,  being  furrounded  by  an  Atmofphere,  and 
the  Moon,  as  far  as  we  knov/,  having  none,  we 
have  twilight  after  the  Sun  fetsj  but  the  Lunar 
inhabitants  have  an  immediate  tranfition  from  the 
brighteftSun-fhine  to  theblackeft  darknefs,  § 177. 
For,  let  trksw  be  the  earth,  and  A,  B,  C,  D, 
■E,  Fy  Gy  H the  Moon  in  eight  different  parts  of 
her  Orbit.  As  the  Earth  turns  round  its  Axis, 
fronn  weft  to  eaft,  when  any  place  comes  to  t the 
twilight  begins  there,  and  when  it  revolves  from 
thence  to  r the  Sun  5 rifesi  when  the  place  comes 
to  s the  Sun  fets,  and  when  it  comes  to  w the  twi-: 
lightends.  But  as  the  Moon  turns  round  her  Axis, 
which  is  only  once  a month,  the  moment  that  any 
point  of  her  furface  comes  to  r (fee  the  Moon  at 
G)  the  Sun  rifes  there  without  any  previous  warn- 
ing by  twilight;  and  when  the  fame  point  comes 
to  s the  Sun  fets,  and  that  point  goes  into  darknefs 
as  black  as  at  midnight. 

255.  The  Moon  being  an  opaque  fpherical  bo- 
dy (for  her  hills  take  off  no  more  from  her  round- 
nefsthan  the  inequalitiesonthefurfaceofan  orange 
take  off  from  its  roundnefs)  we  can  only  fee  that 
part  of  the  enlightened  half.of  her  which  is  toward 
the  Earth.  And  therefore  when  the  Moon  is  at 
Ay  in  conjunftion  with  the  Sun  Sy  her  dark  half 
is  toward  the  Earth,  and  fhe  difappears,  as  at  Oy 
there  being  no  light  on  that  half  to  render  it  vifi- 
ble. When  fhe  comes  to  her  fifft  Odant  at  By  or 
has  gone  an  eighth  part  of  her  Orbit  from  her 
Conjundion,  aquarterofherenlightenedfideisfeen 
toward  the  Earth,  and  flie  appears  horned,  as  at 
h.  When  flie  has  gone  a quarter  of  her  Orbit 

from 
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from  between  the  Earth  and  Sun  to  C,  fhe  fhews 
us  one  half  of  her  enlightened  fide,  as  atr,  and  we 
fay,  fhe  is  a quarter  old.  At  D fhe  is  in  her  fecond 
0£tant,  and  by  (hewing  us  more  of  her  enlight- 
ened fide  (he  appears  gibbous,  as  at  d.  At  E her 
whole  enlightened  fide  is  toward  the  Earth,  and 
therefore  fhe  appears  round,  as  at  e,  when  we  fay 
it  is  Full  Moon.  In  her  third  Oflant  at  F,  part 
of  her  dark  fide  being  toward  the  Earth,  fhe 
again  appears  gibbous,  and  is  on  the  decreafe,  as 
at/.  At  G we  feejuft  one  half  of  her  enlightened 
fide,  and  flie  appears  half  decreafed,  or  in  her  third 
Quarter,  as  ac^.  At  H we  only  fee  a quarter  of 
her  enlightened  fide,  being  in  her  fourth  06tant, 
where  fhe  appears  horned,  as  at  h.  And  at  yf, 
having  completed  her  courfe  from  the  Sun  to  the 
Sun  again,  fhe  difappears  j and  we  fay,  it  i§  New 
Moon.  Thus,  in  going  from  yf  to  F,  the  Moon  < 
feems  continually  to  increafe;  and  in  going  from 
EtoA,  to decfeafe  in  the  fame  proportion}  having 
like  Phafes  at  equal  diflances  fimm  A to  E,  but  as 
feen  from  the  Sun  5',  fhe  is  always  Full. 

256.  The  Moon  appears  not  perfectly  round  TheWoon** 
when  fhe  is  Full  in  the  highed  or  lowed  part  of 

her  Orbit,  becaufe  we  have  not  a full  vi  ew  of  her  v^hen 
enlightened  fide  at  that  time.  When  Full  in  the 
highed  part  of  her  Orbit,  a fmall  deficiency  ap- 
pears on  her  lower  edge;  and  the  contrary  when 
Full  in  the  lowed  part  of  her  Orbit. 

257.  It  is  plain  by  the  figure,  that  when  the  ThePhafM 
Moon  changes  to  the  Earth, ' the  Earth  appears 

Full  to  the  Moon;  and  viceverja.  For  when  the  cocuaty." 
Moon  is  at  A^  New  to  the  Earth,  the  whole  en- 
lightened fide  of  the  Earth  is  toward  the  Moon; 
and  when  the  Moon  is  at  F,  Full  to  the  Earth,  its 
dark  fide  is  toward  her.  Hence  a New  Moon 
anfwers  to  a Full  Earth,  and  a Full  Moon  to  a New 
Earth.  T\\t^iarters  are  al  fo  reverfed  to  each  other. 

258.  Between  the  third  Quarter  and  Change,  the  An  Agree. 
Moon  IS  frequently  vifible  in  the  forenoon,  even 

^ ul€AOQ« 
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when  the  Sun  fhines;  and  then  {he  affords  us  an 
opportunity  of  feeing  a very  agreeable  appearance 
wherever  we  find  a globular  ftone  above  the  level 
of  the  eye,  as  fuppofe  on  the  top  of  a gate.  For 
if  the  Sun  fhines  on  the  ftone,  and  we  place  our- 
felves  fo  as  the  upper  part  of  the  ftone  may  juft 
feem  to  touch  the  point  of  the  Moon’s  lowermoft 
horn,  we  fhall  then  fee  the  enlightened  part  of  the 
ftone  exadlly  of  the  fame  fhape  with  the  Moon  j 
horned  as  fhe  is,  and  inclined  the  fame  way  to 
the  Horizon.  The  reafon  is  plain  j for  the  Sun 
enlightens  the  ftone  the  fame  way  as  he  does  the 
Moon ; and  both  being  Globes,  when  we  put  our- 
felves  into  the  above  fituation,  the  Moon  and 
ftone  have  the  fame  pofition  to  our  eyes;  and 
therefore  we  muftfee  as  much  of  the  illuminated 
part  of  the  one  as  of  the  other. 

259.  The  pofition  of  the  Moon’s  Cufps,  or  a 
right  line  touching  the  points  of  her  horns,  is  very 
differently  inclined  to  the  Horizon  at  different 
hours  of  the  fame  days  of  her  age.  Sometimes 
file  ftands,  as  it  were,  upright  on  her  lower  horn, 
and  then  fuch  a line  is  perpendicular  to  the  Ho- 
rizon ; when  this  happens,  fhe  is  in  what  the  Aftro- 
nomers  call  7^<?  Nonageftmal  Degree -y  which  is  the 
higheft  point  of  the  Ecliptic  above  the  Horizon  at 
that  time,  and  is  90  degrees  from  both  fides  of  the 
Horizon  where  it  is  then  cut  by  the  Ecliptic.  But 
this  never  happens  when  the  Moon  is  on  the  Meri- 
dian, except  when  flie  is  at  the  very  beginning  of 
Cancer  or  Capricorn. 

260.  The  inclination  of  that  part  of  the  Ecliptic 
to  the  Horizon  in  which  the  Moon  is  at  any  time 
when  horned,  may  be  known  by  the  pofition  of 
her  horns;  for  a right  line  touching  their  points 
is  perpendicular  to  the  Ecliptic.  And  as  the 
angle  which  the  Moon’s  Orbit  makes  with  the 
Ecliptic  can  never  raife  her  above,  nor  deprefs  her 
below  the  Ecliptic,  more  than  two  minutes  of  a 
degree,  as  feen  from  the  Sun;  it  can  have  no 
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fenfible  efFe£t  upon  the  pofition  of  her  horns. 
Therefore,  if  a Quadrant  be  held  up,  fo  as  one 
of  its  edges  may  feem  to  touch  the  Moon’s  horns, 
the  graduated  fide  being  kept  toward  the  eve, 
and  as  far  from  the  eye  as  it  can  be  conveniently 
held,  the  Arc  between  the  Plumb-line  and  that 
edge  of  the  Quadrant  which  feems  to  touch  the 
Moon’s  horns  will  fhew  the  inclination  of  that  part 
of  the  Ecliptic  to  the  Horizon.  And  the  arc  be- 
tween the  other  edge  of  the  Quadrant  and  Plumb- 
line  will  fhew  the  inclination  of  a line,  touching 
the  Moon’s  horns,  to  the  Horizon; 

261.  The  Moon  generally  appears  as  large  as  fig.  i. 
theSunj  for  the  Angle  <z;  ^ under  which  the 

Moon  is  feen  from  the  Earth,  is  the  fame  with  the  pears  as  bi^ 
Angle  LkM,  under  which  the  Sun  is  feen  from  it. 

And  therefore  the  Moon  may  hide  the  Sun’s  whole 
Difc  from  us,  as  fhe  fometimes  does  in  folar 
Eclipfes.  The  reafon  why  fhe  does  not  eclipfe 
the  Sun  at  every  Change,  fhall  be  explained  after- 
ward. If  the  Moon  were  farther  from  the  Earth, 
as  at  Cy  fhe  would  never  hide  the  whole  of  the 
Sun  from  us;  for  then  fhe  would  appear  under 
the  Angle  ISkOy  eclipfing  only  that  part  of  the 
Sun  which  lies  between  A"  and  O:  were  fhe  ftill 
further  from  the  Earth,  as  at  X,  fhe  would  appear 
under  the  fmall  angle  TkfV,  like  a fpoton  the  Sun, 
hiding  only  the  part  T/Ffrom  our  fight. 

262.  That  the  Moon  turns  round  her  Axis  in  ^ proof  of 
the  time  that  fhe  goes  round  her  Orbit,  is  Quite 
demonftrablej  for  a fpeftator  at  reft,  without  round  her 
the  periphery  of  the  Moon’s  Orbit,  would  fee  all 

her  Tides  turned  regularly  toward  him  in  that 
time.  She  turns  round  her  Axis  from  any  Star  to 

Sn„  r 1,^'c'' from  the 
firif  ‘^if  clays:  the  former  is 

ength  of  her  folar  day.  A body  moving  round 

withom  Tn“  ^ 'aave  a folar  day  in  every  revolution 
without  turning  on  its  Axis ; the  fame  as  if  it 

had 
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had  kept  all  the  while  at  reft,  and  the  Sun  moved 
round  it : but  without  turning  round  its  Axis  it 
could  never  have  one  fydereal  day,  becaufe  it  would 
always  keep  the  fame  fide  toward  any  given  Star. 

diMiandV.  Earth  had  no  annual  motion,  the 

nodical  (tea  Moon  would  go  round  it  fo  as  to  complete  a Lu- 
voiution.  nation,  a fydereal,  and  a folar  day,  all  in  the  fame 
time.  But  becaufe  the  Earth  goes  forward  in  its 
> Orbit  while  the  Moon  goes  round  the  Earth  in 
her  Orbit,  the  Moon  muft  go  as  much  more  than 
round  her  Orbit  from  Change  to  Change  in  com- 
pleting a folar  day,  as  the  Earth  has  gone  for- 
ward in  its  Orbit  during  that  time,  i.  e,  almoft  a 
twelfth  part  of  a Circle. 

Familiarly  264.  The  Moon’s  periodical  and  fynodical  revo- 
fepreente  . familiarly  reprefented  by  the  mo- 

tions of  the  hour  and  minute-hands  of  a watch 
round  its  dial-plate, which  is  divided  into  12  equal 
parts  or  hours,  as  the  Ecliptic  is  divided  into  12 
Signs,  and  the  year  into  12  months.  Let  us  fup- 
pofe  thefe  12  hours  to  be  12  Signs,  the  hour-hand 
the  Sun,  and  the  minute-hand  the  Moon  j then 
the  former  will  go  round  once  in  a year,  and  the 
latter  once  in  a month : but  the  Moon,  or  minute- 
hand,  muft  go  more  than  round  from  any  point 
of  the  Circle  where  it  was  laft  conjoined  with 
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TJhe  Motion  of  the  Sun  and  Moon. 

rile  Sun,  or  hour-hand,  to  overtake  ic  again : fof 
the  hour-hand,  being  in  motion,  can  never  be  over- 
taken by  the  minute-hand  at  that  point  from  which 
they  ftarted  at  their  laft  conjundtion.  The  firft 
column  of  the  preceding  Table  fhews  the  number 
of  conjundlions  which  the  hour  and  minute-hand 
make  while  the  hour-hand  goes  once  round  the 
dial-plate;  and  the  other  columns  fhew  the  times 
when  the  two  hands  meet  at  each  conjundtion. 
Thus,  fuppofe  the  two  hands  to  be  in  conjundlion 
at  XII,  as  they  always  are-,  then,  at  the  firft  fol- 
lowing conjundlion  it  is  5 minutes  27  feconds  16 
thirds  21  fourths  49^  fifths  paft  I,  where  they 
meet:  at  the  fecond  conjundlion  it  is  10  minutes 
54  feconds  32  thirds  43  fourths  38^  fifths  paft  II; 
and  lo  on.  This,  though  an  eafy  illuftration  of 
the  motions  of  the  Sun  and  Moon,  is  not  precife 
as  to  the  times  of  their  conjundlions;  bccaufe, 
while  the  Sun  goes  round  the  Ecliptic,  the  Moon 
makes  12-^- conjundlions  with  him;  but  the  minute- 
hand  of  a watch  or  clock  makes  only  1 1 conjunc- 
tions with  the  hour-'hand  in  one  period  round  the 
dial-plate.  But  if,  inftead  of  the  common  wheel- 
work  at  the  back  of  the  dial-plate,  the  Axis  of  the 
minute-hand  had  a pinion  of  6 leaves  turning  a 
wheel  of  74,  and  this  laft  turning  the  hour-hand, 
m every  revolution  it  makes  round  the  dial  plate" 
the  minute-hand  would  make  12^  conjundlions 
with  It;  and  fo  would  be  a pretty  device  for  ftiew- 
ing  the  motions  of  the  Sun  and  Moon;  efpecially, 
as  the  floweft  moving  hand  might  have  a little  Sun 
fixed  on  its  point,  and  the  quickeft  a little  Moon. 


265.  If  the  Earth  had  no  annual  motion,  the 
Moon  s motion  round  the  Earth,  and  her  track  in 
open  fpace,  would  be  always  the  fame*.  But 
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The  Moon's  Path  delineated, 

as  the  Earth  and  Moon  move  round  the  Sun,  the 
Moon’s  real  path  in  the  Heavens  is  very  different 
from  her  vifiblepath  round  the  Earth:  the  latter 
being  in  a progreffive  Circle,  and  the  former  in 
a curve  of  different  degrees  of  concavity,  which 
would  always  be  the  fame  in  the  fame  parts  of  the 
Heavens,  if  the  Moon  performed  a compleat 
number  of  Lunations  in  a year  without  any 
fradlion. 

266.  Let  a nail  in  the  end  of  the  axle  of  a cha- 
riot-wheel reprefent  the  Earth,  and  a pin  in  the 
nave  the  Moon;  if  the  body  of  the  chariot  be 
propped  up  fo  as  to  keep  that  wheel  from  touch- 
ing the  ground,  and  the  wheel  be  then  turned 
round  by  hand,  the  pin  will  defcribe  a Circle  both 
round  the  nail,  and  in  the  fpace  it  moves  through. 
But  if  the  propsbe  taken  away,  the  horfes  put  to, 
and  the  chariot  driven  over  a piece  of  ground 
which  is  circularly  convex;  the  nail  in  the  axle 
will  defcribe  a circular  curve,  and  the  pin  in  the 
nave  will  fill  defcribe  a circle  round  the  progref- 
five nail  in  the  axle,  but  not  in  the  fpace  through 
which  it  moves.  In  this  cafe,  the  curve  defcribed 
by  the  nail  will  refemble  in  miniature  as  much  of 
the  Earth’s  annual  path  round  the  Sun,  as  it  de- 
fcribes  while  the  Moon  goes  as  often  round  the 
Earth  as  the  pin  does  round  the  nail:  and  the 
curve  defcribed  by  the  nail  will  have  fome  refem- 
blance  of  the  Moon’s  path  during  fo  many  Luna- 
tions. 

Let  us  now  fuppofe  that  the  radius  of  the  cir- 
cular curve  defcribed  by  the  nail  in  the  axle  is  to 
the  radius  of  the  circle  which  the  pin  in  the  nave 
defcribes  round  the  axle  as  3374-  to  i ; which  is 
the  proportion  of  the  radius  or  femi-diamcter  of  the 
Earth’s  Orbit  to  that  of  the  Moon’s;  or  of  the 
^>g.  ti*  circular  curve  234567^’,  &c.  to  the  little 
circle  a;  and  then,  while  the  progreffive  nail  dc- 
fcribes  the  faid  curve  from  to  £,  the  pin  will  go 
once  round  the  nail  with  regard  to  the  center  of 

its 
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its  path,  and  in  fo  doing,  will  defcribe  the  Curve  plate 
ahcde.  The  former  will  be  a true  reprefentation 
of  the  Earth’s  path  for  one  Lunation,  and  the 
latter  of  the  Moon’s  for  that  time.  Here  we  may 
fet  afide  the  inequalities  of  the  Moon’s  motion, 
and  alfo  the  Earth’s  moving  round  its  common 
center  of  gravity  and  the  Moon’s : all  which,  if 
they  were  truly  copied  in  this  experiment,  would 
not  fenfibly  alter  the  figure  of  the  paths  defcribed 
by  the  nail  and  pin,  even  though  they  Ihould  rub 
againft  a plain  upright  furface  all  tlie  way,  and 
leave  their  trads  vifible  upon  it.  And  if  the 
chariot  was  driven  forward  on  fuch  a convex  piece 
of  ground,  fo  as  to  turn  the  wheel  feveral  times 
round,  the  track  of  the  pin  in  the  nave  would  ftill 
be  concave  toward  the  center  of  the  circular  curve 
defcribed  by  the  pin  in  the  axle ; as  the  Moon’s 
path  is  always  concave  to  the  Sun  in  the  center  of 
the  Earth’s  annual  Orbit.  ^ 

In  this  Diagram,  the  thickeftcurve-liney/5CDE'j 

with  the  numeral  figures  fet  to  it,  reprefents  as 
much  of  the  Earth’s  annual  Orbit  as  it  defcribes 
in  32  days  from  weft  to  eaft-,  the  little  circles  at 
a,  b,  c,  d,  e,  ftiew  the  Moon’s  Orbit  in  due  propor- 
tion to  the  Earth  sj  and  the  fmalleft  curve  a hcdef 
reprelents  the  line  of  the  Moon’s  path  in  the  Hea- 
vens for  32  days,  accounted  from  any  particular 
New  Moon  at  a.  The  Machine,  Fig.  cth  is  for 

de]ineatingtheMoon’spath,andfliallbedercribed 

with  the  reft  of  my  Aftronomicai  machinery,  in 
the  laft  Chapter.  The  Sun  is  fuppofed  to  be  in 

f • 2 3 4 5 6 7 &c.  and 

i loon  s Orbit,  of  which  the  radius  is  in  the  fame 
proportion  to  the  Earth’s  path  in  this  fcheme  that 
the  radius  of  the  Moon’s  Orbit  in  the  Heavens 

oundtheSun;  that  is,  as  240,000,  to8i,ooo,ooo* 
or  as  I to  337  ;-.  ^ ’ 

* I'or  the  true  diftance?,  fee  p.  io8 
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How  her 
Motion  is 
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accelerated. 
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When  the  Earth  is  at  A,  the  New  Moon  is  at  a- 
and  in  the  feven  days  that  the  Earth  defcribes  the 
curve  I 2 3 4 5 6 7,  the  Moon  in  accompanying 
the  Earth  defcribes  the  curve  and  is  in  her 
firft  quarter  at  b when  the  Earth  is  at  B.  As  the 
Earth  defcribes  the  curve  5 8 9 lo  1 1 1 2 13  14, 
the  Moon  defcribes  the  curve  be-,  and  is  at  c,  op- 
pofite  to  the  Sun,  when  the  Earth  is  at  C.  While 
the  Earth  defcribes  the  curve  C 15  16  17  18  19  20 
21  22,  the  Moon  defcribes  the  curve  ed;  and  is  in 
her  third  Quarter  at  d when  the  Earth  is  at  D. 
And  laftly,  while  the  Earth  defcribes  the  curve 
V 23  24  25  26  27  28  29,  the  Moon  defcribes  the 
curve  de-,  and  is  again  in  conjundlion  at  e with  the 
Sun  when  the  Earth  is  at  E,  between  the  29th  and 
30th  day  of  the  Moon’s  age,  accounted  by  the  nu- 
meral Figures  from  the  New  Moon  aty/.'  In  de- 
fcribing  the  curve  a b c d e,  the  Moon  goes  round 
the  progrefTive  Earth  as  reallyr  as  if  (he  had  kept  in 
the  dotted  Circle  yf,  and  the  Earth  continued  im- 
moveable in  the  center  of  that  Circle.  ■ 

And  thus  we  fee  that,  although  the  Moon  goes 
round  the  Earth  in  a Circle,  with  refpe6t  to  the 
Earth’s  center,  her  real  path  in  the  Heavens  is  not 
very  different  in  appearance  from  the  Earth’s  path. 
To  fhew  that  the  Moon’s  path  is  concave  to  the 
Sun,  even  at  the  time  of  Change,  it  is  carried  on 
a little  farther  into  a fecond  Lunation,  as  to /. 

267.  The  Moon’s  abfolute  motion  from  her 
Change  to  her  firft  Quarter,  or  from  a to  b,  is  fo 
much  flower  than  the  Earth’s,  that  flie  falls  240 
thoufand  miles  (equal  to  the  femi-diameter  of  her 
Orbit)  behind  the  Earth  at  her  firft  Quarter  in 
when  the  Earth  is  at  5;  that  is,  fhe  falls  back  a 
fpace  equal  to  her  diftance  from  the  Earth.  From 
that  time  her  motion  is  gradually  accelerated  to 
her  Oppofition  or  Full  at  r,  and  then  fhe  is  come 
up  as  far  as  the  Earth,  having  regained  what  fhe 
loft  In  her  firft  Quarter  from  a to  b.  From  the 
Full  to  the  laft  Quarter  at  d her  morion  continues 

5 accelerated. 


Moon’s  Path  delineated. 
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accelerated,  fo  as  to  bejuft  as  far  before  the  Earth 
at  d^  as  Ibe  was  behind  it  at  her  firft  Quarter  in 
h.  But  from  d X.Q  e her  motion  is  retarded  fo, 
that  Ihe  lofes  as  much  with  refpeft  to  the  Earth  as 
is  equal  to  her  diftance  from  it,  or  to  the  femi- 
diametcr  of  her  Orbit ; and  by  that  means  fhe 
comes  to «?,  and  is  then  in  conjunftion  with  the  Sun 
as  feen  from  the  Earth  at  E.  Hence  we  find,  that 
the  Moon’s  abfolute  Motion  is  flower  than  the 
Earth’s  from  her  third  Quarter  to  her  firft;  and 
fwifter  than  the  Earth’s  from  her  firft  Quarter  to 
her  third ; her  path' being  lefs  curved  than  the 
Earth’s  in  the  former  cafe,  and  more  in  the  latter. 

Yet  it  is  ftill  bent  the  fame  way  toward  the  Sun  ; 
for  if  we  imagine  the  concavity  of  the  Earth’s  Or- 
bit to  be  meafured  by  the  length  of  a perpendicular 
line  let  down  from  the  Earth’s  place  upon  the 
ftraight  line /^^^at  the  Full  of  the  Moon,  and 
connedting  the  places  of  the  Earth  at  the  end  of 
the  Moon’s  firft  and  third  Quarters,  that  length 
will  be  about  640  thoufand  miles  ; and  the  Moon 
when  New  only  approaching  nearer  to  the  Sun  by 
240  thoufand  miles  than  the  Earth  is,  the  length 
of  the  perpendicular  let  down  from  her  place  at 
that  time  upon  the  fame  ftraight  line,  and  which 
Ihews  the  concavity  of  that  part  of  her  path,  will 
be  about400  thoufand  miles. 

268.  The  Moon’s  path  being  concave  to  the  a difficulty 
oun  throughout,  demonftrates  that  her  gravity 
toward  the  Sun,  at  her  Conjunction,  exceeds  her 
gravity  toward  the  Earth.  And  if  we  confider 
that  the  quantity  of  matter  in  the  Sun  is  almoft 
230  thoufand  times  as  great  as  the  quantity  of 
matter  in  the  Earth,  and  that  the  attraction  of  each 
^ ody  diminifhes  as  the  fquare  of  the  diftance  from 
?t  increafes,  we  fliall  loon  find,  that  the  point  of 
equal  attraftion  between  the  Earth  and  the  Sun 
IS  about  70  thoufand  miles  nearer  the  Earth  than 
? e Moon  is  at  her  Change.  It  may  then  appear 

^3  . furprifing 


19*  Reajon  why  the  Moon  does  not 

plate  furprifing  that  the  Moon  does  not  abandon  the 
Earth  when  fhe  is  between  it  and  the  Sun,  becaufe 
fhe  is  confiderably  more  attrafted  by  the  Sun  than 
by  the  Earth  at  that  time.  But  this  difficulty 
vaniffies  when  we  confider,  that  a common  impulfc 
on  any  fyftem  of  bodies  effedls  not  th^ir  relative 
motions  i but  that  they  will  continue  to  attradb, 
impel,  or  circulate  round  one  another,  in  the  fame 
manner  as  if  there  was  no  fuch  impulfe.  The 
Moon  is  fo  near  the  Earth,  and  both  of  them  fo 
far  from  the  Sun,  that  the  attraftive  power  of  the 
Sun  may  be  confidered  as  equal  on  both : and 
therefore  the  Moon  will  continue  to  circulate  round 
the  Earth  in  the  fame  manner  as  if  the  Sun  did 
not  attradl:  them  at  all.  For  bodies  in  the  cabin 
of  a (hip,  may  move  round,  or  impel  one  another 
in  the  fame  manner  when  the  Ihip  is  under  fail, 
as  when  it  is  at  reft  j becaufe  they  are  all  equally 
affedlcd  by  the  common  motion  of  the  ffiip. 
If  by  any  other  caufe,  fuch  as  the  near  approach 
of  a Comet,  the  Moon’s  diftance  from  the  Earth 
Ihould  happen  to  be  fo  much  increafed,  that  the 
difference  of  their  gravitating  forces  toward  the 
Sun  ffiould  exceed  that  of  the  Moon  toward  the 
Earth ; in  that  cafe  the  Moon,  when  in  conjunc- 
tion, would  abandon  the  Earth,  and  be  either 
drawn  into  the  Sun,  or  Comet,  or  circulate  round 
about  it. 

269.  The  curves  which  Jupiter’s  Satellites  de- 
feribe,  are  all  of  different  forts  from  the  path  dc- 
feribed  by  our  Moon,  although  the  Satellites  go 
round  Jupiter  as  the  Moon  goes  round  the  Earth. 

F>g<  Let  A BCDE,  &c.  be  as  much  of  Jupiter’s  Orbit 
as  he  deferibes  in  1 8 days  from  A toTi  and  the 
curves  by  c,  dy  will  be  the  paths  of  his  four  Moons 
going  round  him  in  his  progreftive  motion. 

Now  letusfuppofeall  thefe  Moons  to  fet  out  from 
a conjundion  with  the  Sun,  as  feen  from  Jupiter 


abandon  the  Earth  at  the  Time  of  her  Change,  1 99 

atyf;  then,  his  firft  or  neareft  Moon  will  be  at  plate 
his  fecond  at  by  his  third  at  c,  and  his  fourth  at  d.  The'lMb. 
At  the  end  of  terreftrial  Hours  after  this  con-  Jute  Path  of 
junction,  Jupiter  has  moved  to  By  his  firft  Moon  hh 
or  Satellite  hasdefcribed  the  curves  i,  his  fecond  JJtes  deiine. 
the  curve  b i,  his  third  c i,  and  his  fourth  d i. 

The  next  day,  when  Jupiter  is  at  C,  his  firft  Satel- 
lite has  defcribed  the  curve  a 2,  from  its  conjunc- 
tion, his  fecond  the  curve  b 2,  his  third  the  curve 
f 2,  and  his  fourth  the  curve  d 2,  and  fo  on.  The 
numeral  Figures  under  the  capital  letters  (hew 
Jupiter’s  place  in  his  path  every  day  for  18  days, 
accounted  from  A io  Ty  and  the  like  Figures  fee 
to  the  paths  of  his  Satellites,  fhew  where  they  are 
at  the  like  times.  The  firft  Satellites,  almoft  under 
Cy  is  ftationary  at  as  feen  from  the  Sun  j and 
retrograde  from  -p  to  2:  at  2 it  appears  ftationary 
again,  and  thence  it  moves  forward  until  it  has 
paired  3,  and  is  twice  ftationary,  and  once  retro- 
grade between  3 and  4.  The  path  of  this  Satel- 
lite interfefts  itfelf  every  424-  hours,  making  fuch 
Loops  as  in  the  Diagram  at  2.  3.  5.  7.  9.  10.  j 2. 

14.  16.  18,  a little  after  every  conjunftidn.  The 
fecond  Satellite  by  moving  fiower,  barely  crolFes  its 
path  every  3 days  13  hours;  as  at  4.  7.  n.  14. 
making  only  5Loops  and  as  many  conjundions  in 
the  time  that  the  firft  makes  ten.  The  third  Sa- 
tellite c moving  ftill  fiower,^  and  having  defcribed 
the  curve  c 1.  2.  3.  4.  5,  6.  7,  comes  to  an  angle 
at  7,  in  conjundtion  with  the  Sun,  at  the  end  of  7 
days  four  hours;  and  fo  goes  on  to  deferibe  fuch  Fig.iii. 
another  curve  7.  8.  9.  10.  ii.  12.  13.  ,4,  and  is 
at  14  in  Its  next  conjunaion.  The  fourth  Satel- 
lited is  always  progreftive,  making  neither  Loops 
nor  Angles  in  the  Heavens;  but  comes  to  its  next 
conjuna-ion  at  e between  the  numeral  figures  16 
and  17,  or  in  16  days  18  hours.  In  order  to  have 
a tolerably  good  figure  of  the  paths  of  thefe  Sa- 
leliites,  I took  the  following  method. 

^ 4 Having 
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The  Reajon  why  the  Moon  does  not,  &c. 

Having  drawn  their  Orbits  on  a Card,  in  pro- 
portbn  to  their  relative  diftances  from  Jupiter^  I 
riiealured  the  radius  of  the  Orbit  of  the  fourth 
Satellite,  which  was  an  inch  and  -r'-oV  parts  of  an 
inch;  then  multiplied  this  by  424  for  the  radius 
of  Jupiter’s  Orbit,  becaufe  Jupiter  is  424  times  as 
far  from  the  Sun’s  center  as  his  fourth  Satellite  is 
from  his  center;  and  the  produdt  thence  arifing 
was  483  inches.  Then  raking  a fmall  cord  of 
this  length,  and  fixing  one  end  of  it  to  the  floor 
of  a long  room  by  a nail,  with  a black-lead  pencil 
at  the  other  end  I drew  the  curve  &c.  and 

fet  off"  a degree  and  half  thereon,  from  A to  T-, 
becaufe  Jupiter  moves  only  fo  much,  while  his 
outermolt  Satellite  goes  once  round  him,  and 
fomewhat  more;  fo  that  this  fmall  portion  of  fo 
large  a circle  differs  but  very  little  from  a flraight 
line.  This  done,  I divided  the  fpaceyf  ^Tinto  18 
equal  parts,  zsAB,  BC,  &c.  for  the  daily  pro- 
grefs  of  Jupiter;  and  each  part  into  24  for  his 
hourly  progrefs.  The  Orbit  of  each  Satellite  was 
alfo  divided  into  as  many  equal  parts  as  tbe  Satel- 
lite is  hours  in  finifhing  its  l^ynodical  period  round 
Jupiter.  Then  drawing  a right  line  through  the 
center  of  the  Card,  as  a diameter  to  all  the  four 
Orbits  upon  it,  I put  the  Card  upon  the  line  of 
Jupiter’s  motion,  and  transferred  it  to  every  horary 
divifion  thereon,  keeping  always  the  fame  diameter- 
line on  the  line  of  Jupiter’s  path;  and  running  a 
pin  through  each  horary  divifion  in  the  Orbit  of 
each. Satellite  as  the  Card  was  gradually  transferred 
along  the  line  ABCD,  &c,  of  Jupiter’s  motion,  I 
marked  points  for  every  hour  through  the  Card 
for  the  curves  deferibed  by  the  Satellites,  as  the 
primary  Planet  in  the  center  of  the  Card  was  car- 
ried forward  on  the  line  ; and  fo  finifhed  the 
Figure,  by  drawing  the  lines  of  each  Satellite’s 
motion  through  thofe(almo(l  innumerable}points: 
by  which  means,  this  is,  perhaps,  as  true  a Figure 
of  the  paths  of  thefe  Satellites  as  can  be  defired. 

' ' An4 


^'he  Paths  of  Jupiter's  Mootis  delineated. 

And  in  the  fame  manner  might  thofe  of  Saturn’s 
Satellites  be  delineated. 

■270.  It  appears  by  the  fcheme,  that  the  three 
firfl:  Satellites  come  almoft  into  the  fame  line  of 
pofition  every  feventh  day;  the  firft  being  only  a 
little  behind  with  the  fecond,  and  the  fecond  be- 
hind with  the  third.  But  the  period  of  the  fourth 
Satellite  is  fo  incommcnfurate  to  the  periods  of 
the  other  three,  that  it  cannot  be  guefled  at  by 
the  diagram  when  it  would  fall  again  into  a line 
of  conjundion  with  them  between  Jupiter  and 
the  Sun.  And  no  wonder;  for  fuppofing  them  all 
to  have  been  once  in  conjundion,  it  will  require 
3,087,043,493,260  years  to  bring  them  in  con- 
jundion  again.  See  § 73. 

271.  In  Fig.  4th,  we  have  the  proportions  of 
the  Orbits  of  Saturn’s  five  Satellites,  and  of  Ju- 
piter’s four,  to  one  another,  to  our  Moon’s  Orbit, 
and  to  the  Difc  of  the  Sun.  S is  the  Sun;  Mm 
the  Moon’s  Orbit  (the  Earth  fuppofed  to  be  at  E) ; 
J Jupiter;  I.  2.  3.  4,  the  Orbits  of  his  four 
Moons  or  Satellites;  Sat.  Saturn;  and  i.  2.  3.  4.  5, 
the  Orbits  of  his  five  Moons.  Hence  it  appears, 
that  the  Sun  would  much  more  than  fill  the  whole 
Orbit  of  the  Moon ; for  the  Sun’s  diameter  is 
763,000  miles,  and  the  diameter  of  the  Moon’s 
Orbit  only  480,000.  In  proportion  to  all  thefe 
Orbits  of  the  Satellites,  the  radius  of  Saturn’s 
annual  Orbit  would  be  21^  yards,  of  Jupiter’s 
Orbit  1 1^,  and  of  the  Earth’s  24 
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2/2.  The  annexed  Table  fhews  at  once  what 
proportion  the  Orbits,  Revolutions,  and  Veloci- 
ties of  all  the  Satellites  bear  to  thofe  of  their 
primary  Planets,  and  what  fort  ofeurves  the  feveral 
Satellites  deferibe.  For  thofe  Satellite.s,  whofe  ve- 
locities round  their  Primaries  arc  greater  than  the 
velocities  of  their  Primaries  in  open  fpace,  make 
Eoops  at  their  conjundions,  § 269;  appearing  re- 
trograde as  feen  from  the  Sun  while  they  deferibe 

the 
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‘The  Curves  dejcrihed  by  the  Jecondary  Planets. 

the  inferior  parts  of  their  Orbits,  and  direft  while 
they  defcribe  the  fuperior.  This  is  the  cafe  with 
Jupiter’s  firft  and  fecond  Satellites,  and  with  Sa- 
turn’s firft.  But  thofe  Satellites,  whofe  velocities 
are  lefs  than  the  velocities  of  their  primary  Planets, 
move  dired;  in  their  whole  circumvolutions;  which 
is  the  cafe  of  the  third  and  fourth  Satellites  of  Ju- 
piter, and  of  the  fecond,  third,  fourth,  and  fifth 
Satellites  of  Saturn,  as  well  as  of  our  Satellite  the 
Moon  : but  the  Moon  is  the  only  Satellite  whofe 
motion  is  always  concave  to  the  Sun.  There  is  a 


The 

Satellites 

Proportion  of  the 
Radius  of  the  Pla- 
net’s Orbit  to  the 
Radiusof  theOrblt 
of  each  Satellite. 

Proportion  of  the 
-Time  of  the  Pla- 
net’s Revolution  to 
the  Revolution  of 
each  Satellite. 

Proportion  of  the  Ve- 
locity of  each  Sa- 
tellite to  the  Velo- 
city of  its  primary 
Planet. 
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1219  1165 

’H.  3 

73*  J 

604  1 

604  731 

rt 

? 4 

424  » 

00 

258  424 

Tht 

Moon 

As  33;i  to  1 

As  12^  to  J 

As  i2^to  3374 

table  of  this  Sort  in  De  la  Cailles>  Aftronomy,  but 
it  is  very  different  from  the  above,  which  I have 
computed  from  owr  Englijh  accounts  of  the  periods 
and  diftances  of  thefe  Planets  and  Satellites. 
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Of  the  Harveji-Moon, 


CHAP.  XVI. 

Phenomena  of  the  Uarvefi-Moon  explained  hy  a 
common  Globe.  The  Tears  in  which  the  Harvejl- 
Moons  are  leaf  and  moft  beneficial  from  1751  to 
1861.  The  long  Duration  of  Moon-light  at  the 
Poles  in  Winter, 

273.  TT  is  generally  believed  that  the  Moon  rifes 
JL  about  50  minutes  later  every  day  than  gn 
the  preceding ; but  this  is  true  only  with  regard  to 
places  on  the  Equator.  In  places  of  confiderable 
LatitudethereisaremarkabledifFerence,  efpecially 
in  the  harveft-time,  with  whichfarmers  were  better 
acquainted  than  Aftronomers  till  of  late;  and 
gratefully  afcribed  the  early  rifingoftheFull  Moon 
at  that  time  of  the  year  to  the  goodnefs  of  God, 
not  doubting  that  he  had  ordered  it  fo  on  purpofe 
to  give  them  an  immediate  fupply  of  moon-lighc 
after  fun-fet  for  their  greater  conveniency  in  reap- 
ing the  fruits  of  the  Earth. 

In  this  inftance  of  the  Harvefl-Moon,  as  in  many 
others  difcoverable  by  Aftronomy,  the  wifdom  and 
beneficence  of  the  Deity  is  confpicuous,  who  really 
ordered  the  courfe  of  the  Moon  fo,  as  to  bellow 
more  or  lefs  light  on  all  parts  of  the  Earth  as  their 
fcveral  circumftanccs  and  feafons  render  it  more 
or  lefs  fcrviceable.  About  the  Equator,  where 
there  is  no  variety  of  feafons,  and  the  weather 
changes  feldom,  and  at  Hated  times,  Moon-light 
IS  not  necelTary  for  gathering  in  the  produce^of 
the  ground;  and  there  the  Moon  rifes  about  o 
minutes  later  every  day  or  night  than  on  the  for- 
mer. In  confiderable  diflanccs  from  the  Equator, 
where  the  weather  and  fealons  are  more  uncertain^ 
the  autumnal  F ull  Moons  rile  very  foon  alter  fun- 

fet 
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fet  for  feveral  evenings  together.  At  the  polar 
circles,  where  the  mild  fealon  is  of  very  Ihort  du- 
ration, the  autumnal  Full  Moon  rifes  at  fun-fet 
from  the  firft  to  the  third  quarter.  And  at  the 
Poles,  where  the  Sun  is  for  half  a year  abfent,  the 
winter  Full  Moons  (bine  conftantly  without  fitting 
from  the  firfl:  to  the  third  quarter. 

It  is  foon  faid  that  all  thcfe  Phenomena  are  ow- 
ing to  the  different  Angles  made  by  the  Horizon 
and  different  parts  of  the  Moon’s  Orbit;  an4that 
the  Moon  can  be  full  but  once  or  twice  in  a year 
in  thofe  parts  of  her  Orbit  which  rife  with  the  leaf!: 
Angles.  But  to  explain  this  fubjedt  intelligibly, 
we  muft  dwell  much  longer  upon  it. 

274.  The  * plane  of  the  Equinodlial  is  perpen- 
dicular to  the  Earth’s  Axis;  and  therefore,  as  the 
Earth  turns  round  its  Axis,  all  parts  of  the  Equi- 
nodlial  make  equal  angles  with  the  Horizon  both 
at  rifing  and  fetting;  fo  that  equal  portions  of  it 
always  rife  or  fet  in  equal  times.  Confequently,  if 
the  Moon’s  motion  were  equable,  and  in  the  Equi- 
nodlial,  at  the  rate  of  12  degrees  1 1 min.  from  the 
Sun  every  day,  as  it  is  in  her  Orbit,  fhe  would 
rife  and  fet  50  minutes  later  every  day  than  on  the 
preceding;  for  deg.  11  min.  of  the  Equinoftial 
rife  or  fet  in  50  minutes  of  time  in  all  Latitudes. 

275.  But  the  Moqn’s  motion  is  fo  nearly  in  the 
Ecliptic,!  that  we  may  confider  her  at  prefcnt  as 
moving  in  it.  Now  the  different  parts  of  the 
Ecliptic,  on  account  of  its  obliquity  to  the  Earth  s 
Axis,  make  very  different  angles  with  the  Hori- 
zon as  they  rife  or  fet.  Thofe  parts  or  Signs  which 
rife  with  the  fmalleft  angles  fet  with  the  greateft, 
and  vice  verja.  In  equal  times,  whenever  this 
Angle  is  lealt,  a greater  portion  of  the  Ecliptic 
rifes  than  when  the  Angle  is  larger;  as  may  be 
feen  by  elevating  the  pole  of  a Globe  to  any  con- 

* If  a Globe  be  cut  quite  through  upon  any  Cirde,  the 
fiat  furface  where  it  is  fo  divided  is  the  plane  of  that  Circle. 
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fiderable  Latitude,  and  then  turning  it  round  its  plate 
Axis.  Confequently,  when  the  Moon  is  in  thofe 
Signs  which  rife  or  fet  with  the  fmalleft  Angles, 
fhe  rifes  or  fets  with  the  leaft  difference  of  timej 
and  with  the  greateft  difference  in  thofe  Signs  Fig.  ni. 
which  rife  or  fet  with  the  greateft  Angles. 

But,  becaufeall  who  read  this  Treatife  may  not 
be  provided  with  Globes,  though  in  this  cafe  it  is 
requifite  to  know  how  to  ufe  them,  weftiall  fub- 
ftitute  the  Figure  of  a globe;  in  which  PUP  is 
the  Axis,  25  PR  the  Tropic  of  Cancer,  L t Vf 
the  Tropic  of  Capricorn,  ^ EU  Vf  ihe  Ecliptic 
touching  both  the  Tropicr,  which  are  47  degrees 
from  each  other,  and  the  Horizon.  The 
Equator,  being  in  the  middle  between  the  Tro- 
pics, is  cut  by  the  Ecliptic  in  two  oppofite  points, 
which  are  the  beginnings  of  7'  Aries  and  Libra. 

7fis  the  Hour-circle  with  its  Index,  A the  North 
Pole  of  the  Globe  elevated  to  a confiderable  Lati- 
tude, fuppofe  40  degrees  above  the  Horizon  ; and 
P the  South  Pole  depreffed  as  much  below  it.  Fig*  in. 
Becaufe  of  the  oblique  pofition  of  the  Sphere  in 
this  Latitude,  the  Ecliptic  has  the  high  elevation  The  differ- 
above  the  Horizon,  making  the  Anele 
iVt/  2B  or  73-  degrees  with  it  when  25  Cancer  is  Edipticand 
on  the  Meridian,  at  which  time  ^ Libra  rifes  in 
the  Eaft.  But  let  the  Globe  be  turned  half  round 
its  Axis,  till  Jef  Capricorn  comes  to  the  Meridian 
and  r Aries  rifes  in  the  Eaft,  and  then  theEclip. 
tic  will  have  the  low  elevation  NL  above  the 
Horizon,  making  only  an  Angle  NUL  of  261 
degrees  with  it;  which  is  47  degrees  lefs  than  the 
former  Angle,  equal  to  the  diftance  between  the 
Tropics. 

276.  In  northern  Latitudes,  the  fmalleft  Angle 
made  by  the  B’cliptic  and  Horizon  is  when  Aries 
rifes,  at  which  tirne  Libra  fets;  the  greateft  when 
Libra  rifes,  at  which  time  Aries  fets.  From  the 
rifing  of  Aries  to  the  rifing  of  Libra  (which  is 

twelve 
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twelve  *Sydereal  hours)  the  angle  increafesj  and 
from  the  rifing  of  Libra  to  the  rifing  of  Aries  it 
decreafes  in  the  faine  proportion.  By  this  article 
and  the  preceding  it  appears  that  the  Ecliptic  rifes 
fafteft  about  Aries,  and  floweft  about  Libra. 
Retuitof  277.  On  the  parallel  of  London^  as  much  of 
the  Ecliptic  rifes  about 
Angle  at  Pifces  and  Aries  in  two 
London.  hours  as  the  Moon  goes 
through  in  fix  days:  and 
therefore  while  the  Moon 
is  in  thefe  Signs,  Ihe  dif- 
fers but  two  hours  in  rif* 
ing  for  fix  days  together; 
that  is,  about  20  minutes 
later  every  day  or  night 
than  on  the  preceding,  at 
a mean  rate.  But  in  four- 
teen days  afterward,  the 
Moon  comes  to  Virgo 
and  Libra,  which  are  the 
oppofite  Signs  to  Pifces 
and  Aries ; and  then  fhe 
differs  almoft  four  times 
as  much  in  rifing;  name- 
ly, one  hour  and  about 
fifteen  minutes  later  every 
day  or 'night  than  the 
former,  while  The  is  in 
thefe  Signs.  The  an- 
nexed Table  fhews  the 
daily  mean  difference  of 
the  Moon’s  rifing  and 
fetting  on  the  Parallel  of  London^  for  28  days; 

* The  Ecliptic,  together  with  the  fixed  Stars,  make  3665 
apparent  diurnal  revolutions  about  the  Earth  in  a year;  the 
Sun  only  365^.  Therefore  the  Stars  gain  3 minutes  56  fe- 
conds  upon  the  Sun  every  Day;  lo  that  a Sydereal  day  con- 
tains only  23  hours  56  minutes  of  mean  Solar  time ; and  a na- 
tural or  Solar  day  24  hours.  Hence  iz  Sydereal  hours  arc  one 
minute  58  feconds  Ibortcr  than  12  Solar  hours. 
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* 

in  which  time  the  Moon  finiflies  her  period 
round  the  Ecliptic,  and  gets  9 degrees  into 
the  lame  Sign  from  the  beginning  of  which 
Ihe  fet  out.  So  it  appears  by  the  Table,  that 
when  the  Moon  is  in  itr  and  flie  rifes  an  hour 
and  a quarter  later  every  day  than  fhe  rofe  on 
the  former.;  and  differs  only  28,  24,  20,  18,  or 
17  minutes  in  fetting.  But,  when  fhe  comes 
to  X and  V,  fhe  is  only  20  or  17  minutes  later 
in  rifing;  and  an  hour  and  a quarter  later  in 
fetting. 

278.  All  thefe  things  will  be  made  plain  by 
putting  fmall  patches  on  the  Ecliptic  of  a Globe, 
as  far  from  one  another  as  the  Moon  moves  from 
any  point  of  the  celeftial  Ecliptic  in  24  hours, 
which  at  a mean  rate  is  * 134.  degrees;  and  then  in 
turning  the  Globe  round,  obferve  the  rifing  and 
fetting  of  the  patches  in  the  Horizon,  as  the  Index 
points  out  the  different  times  in  the  hour-circle. 
A few  of  thele  patches  are  reprefented  by  dots  at 
0123,  &c.  on  the  Ecliptic,  which  has  the  pofi- 
tion  LUI  when  Aries  rifes  in  the  Eaft;  and  by 
the  dots  01  2 3,  &c.  when  Libra  rifes  in  the  Eaft 
at  which  time  the  Ecliptic  has  the  pofition  EUv/i 
making  an  angle  of  62  degrees  with  the  Horizon 
in  the  latter  cafe,  and  an  angle  of  no  more  than 
15  degree  with  it  in  the  former;  fuppofing  the 
Globe  redified  to  the  Latitude  of  London 

279.  Having  redified  the  Globe,  turn  it  until 

rhe  beginning  of  x Pifees  in 

r^A  ^ Ecliptic,  comes  to  the  Eaftern 
ide  of  the  Horizon;  and  then  keeping  the  ball 
fteady,  fet  the  hour-index  to  XII,  becaufe  that 
hour  may  perhaps  be  more  eafily  remembered  than 
any  other.  Then  turn  the  Globe  round  Weft- 

• The  Sun  advances  almoft  a de?ree  Jn  thp  • 

Mo"!;  by'a  ton's  f,"  dtl ‘ 
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wardi  and  in  that  time,  fuppofe  the  patch  <5  tH 
have  moved  thence  to  i,  i3-J- degrees,  while  the 
r^arth  turns  once  round  its  Axis,  and  you  will  fee 
that  I rifes  only  about  20  minutes  later  than  o did 
on  the  day  before.  Turn  the  Globe  round  agaioj 
and  in  that  time  fuppofe  the  fame  patch  to  have 
moved  from  i to  2;  and  it  will  rife  only  20  minutes 
later  by  the  hopr-index  than  it  did  at  1 on  the 
day  or  turn  before.  At  the  end  of  the  next  turn 
fuppofe  the  patch  to  have  gone  from  2 to  3 at  Uy 
and  it  will  rife  20  minutes  later  than  it  did  at  2. 
And  fo  on  for  fix  turns,  in  which  time  there  will 
Icarce  be  two  hours  difference  ; nor  would  there 
have  been  To  much,  if  the  6 degrees  of  the  Sun’s 
motion  in  that  time  had  been  allowed  for.  At 
the  firft  turn  the  patch  rifes  South  of  the  Eaft, 
at  the  middle  turn  due  Eafl,  and  at  the  lall  turn 
North  of  the  Eaft.  But  thefe  patches  will  be  9 
hours  in  fettingon  the  Weftern  fide  of  the  Hori- 
zon, which  {hews  that  the  Moon’s  fetting  will  be 
Jo  much  retarded  in  that  week  in  which  fhe  moves 
through  thefe  two  Signs.  The  caufe  of  this  dif- 
ference is  evident;  for  Pifces  and  Aries  make  only 
an  Angle  of  15  degrees  with  the  Horizon  when 
they  rife  ;- but  they  make  an  Angle  of  62  degrees 
with  it  when  they  let.  As  the  Signs  Taurus,  Ge- 
mini, Cancer,  Leo,  Virgo,  and  Libra,  rife  fuc- 
ceffively,  the  Angle  increafes  gradually  which  they 
make  with  the  Horizon,  and  decreafes  in  the  fame 
proportion  as  they  fet.  And  for  that  reafon,  the 
Moon  differs  gradually  more  in  the  time  of  her 
rifing  every  day  while  fte  is  in  thefe  Signs,  and 
lefs  in  her  fetting:  after  which,  through  the  other 
fix  Signs,  viz.  Scorpio,  Sagitiary,  Capricorn, 
Aquarius,  Pifces,  and  Aries,  the  rifing  difference 
becomes  lefs  every  day,  until  it  be  at  the  leaft  of 
all,  namely,  in  Pifces  and  Aries. 

280.  The  Moon  goes  round  the  Ecliptic  in  27 
days  8 hours:  but  not  from  Change  to  Change  in 
lefs  than  29  days  12  hours:  fo  that  fhe  is  in  Pifces 

and 
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and  Aries  at  leaft  once  in  every  Luriation^  and  in 
Tome  Lunations  twice. 

281.  If  the  Earth  had  no  annual  motion,  the  why  the 
Sun  would  never  appear  to  (hift  his  place  in  the 
Ecliptic.  And  then  every  New  Moon  would  fall  different 
in  the  fame  fign  and  degree  of  the  Ecliptic,  and 
every  Full  Moon  in  the  oppofite;  for  the  Moon 
would  go  precifely  round  theEcliptic  from  Change 
to  Change.  So  that  if  the  Moon  were  once  Full 
in  Pifees  or  Aries,  fhe  would  always  be  Full  when 
Ihe  came  round  to  the  fame  Sign  and  Degree 
again.  And  as  the  Full  Moon  rifes  at  Sun-fet 
(becaufe  when  anjr  point  of  the  Ecliptic  fets,  the 
oppofite  point  rifes)  Ihe  would  conftantlyrife  with- 
in two  hours  of  Sun-fet,  on  the  parallel  of  London  ^ 
during  the  week  in  which  fhe  were  Full.  But  in 
the  time  that  the  Moon  goes  round  the  Ecliptic 
from  any  sonjundion  or  oppofition,  the  Earth  goes 
almoft  a Sign  forward  : and  therefore  the  Sun  will 
feem  to  go  as  far  forward  in  that  time,  namely, 

27 i degrees;  fo  that  the  Moon  muft  go  27I  de- 
grees more  than  round,  and  as  much  farther  a*s  the 
Sun  advances  in  that  interval,  which  is  7 f de- 
grees, before  fhe  can  be  in  conjundion  with,  or 
oppofite  to  the  Sun  again.  Hence  it  is  evident, 
that  there  can  be  but  one  conjundion  or  oppofition 
of  the  Sun  and  Moon  in  a year  in  any  particular 
part  of  the  Ecliptic  This  may  be  familiarly  ex- 
cmplined  by  the  hour  and  minute-hands  of  a 
watch,  which  arenever  in  conjunaion  oroppofnion 
^ti  that  part  ot  the  dial-plate  where  they  were  fo  cmpiified. 
lafl:  before.  And  indeed  if  we  compare  the  twelve 
hours  on  the  dial-plate  to  the  twelve  fic^ns  of  the 
Ecliptic,  the  hour-hand  to  the  Sun,  and  the 
minute-hand  to  the  Moon,  we  fhall  have  a tolera- 
bly near  refcmblance  in  miniature  to  the  motions 
or  our  great  celeftial  Luminaries.  The  only  dif- 
^rcnce  is,  that  while  the  Sun  goes  once  round  the 
Ecliptic,  the  Moon  makes  12|  conjundions  with 
him:  but  while  the  hour-hand  goes  round  the 

^ dial- 
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dial-plate,  the  minute-hand  makes  only  ir  con- 
jundions  with  it;  becaufe  the  minute  hand  moves 
Hower  in  refpea  to  the  hour-hand  than  the  Moon 
does  with  regard  to  the  Sun. 

when 

cer’s Moon,  oppofite  to  the  Sun,  and  the  Sun  is  never 

in  Virgo  and  Libra  but  in  our  autumnal  months, 
it  is  plain  that  the  Moon  is  never  full  in  the  oppo- 
fite Signs,  Pifces  and  Aries,  but  in  thefe  two 
months.  And  therefore  we  can  have  only  two 
Full  Moons  in  the  year,  which  rife  fo  near  the 
time  of  Sun-fet  for  a week  together,  as  above.- 
mentioned.  The  former  of  thefe  is  called  the 
Harvef-Moofj,  and  the  latter  the  Hunter  s Moon. 
Why  the  28^.  Here  it  will  probably  be  alked,  why  we 
S"rifirg  obferve  this  remarkable  rifing  of  the  Moon 

is  never  per-  but  in  harvefl:,  feeing  fne  is  in  Pilces  and  Aries 

iTnarveft.  year  befides;  and  muft  then 

rife  with  as  little  difference  of  time  as  in  harveft  .? 
The  anfwer  is  plain : for  in  winter  thele  Signs  rife 
at  noon;  and  being  then  only  a Quarter  of  a Circle 
diftant  from  the  Sun,  the  Moon  in  them  is  in  her 
firft  Quarter:  but  when  the  Sun  is  above  the 
Horizon,  the  Moon  s rifing  is  neither  regarded 
^ nor  perceived.  In  fpring  thefe  Signs  rife  with  the 
Sun,  becaufe  he  is  then  in  them;  and  as  the  Moon 
changeth  in  them  at  that  time  of  the  year,  fhe  is 
quite  invifible.  In  fummer  they  rife  about  mid- 
night, and  the  Sun  being  then  three  Signs,  or  a 
' Quarter  of  a Circle  before  them,  the  Moon  is  in 

them  about  her  third  (^larter;  when  rifing  fo  late, 
and  giving  but  very  little  light,  her  rifing  paffes 
•nobferved.  And  in  autumn  thefe  Signs,  being 
oppofite  to  the  Sun,  rife  when  he  fets,  with  the 
Moon  in  Oppofition,  or  at  the  Full,  which  makes 
,hcr  rifing  very  confpicuous. 

784.  At  the  Equator,  the  North  and  South 
Poles  lie  in  the  Florizon;  and  therefore  the  Eclip- 
tic makes  the  fame  Angle  fouthward  with  the  Ho- 
rizon 
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rizon  when  Aries  rifes,  as  it  docs  northward  when 
Libra  rifes.  Confequently,  as  the  Moon  at  all  the 
fore- mentioned  patches  rifes  and  fets  nearly  at  equal 
Angles  with  the  Horizon  all  the  year  round,  and 
about  50  minutes  later  every  day  or  night  than 
on  the  preceding,  there  can  be  no  particular  Har- 
veft-Moon  at  the  Equator. 

285.  The  farther  that  any  place  is  from  the 
Equator,  if  it  be  not  beyond  the  Polar  Circle,  the 
Anglegradually  diminifhes  which  theEcliptic  and 
Horizon  make  when  Pifces  and  Aries  rife  : and 
therefore  when  the  Moon  is  in  thefe  Signs  Ihe  rifes 
with  a nearly  proportionable  difference  later  every 
day  than  on  the  former;  and  is  for  that  reafon  the 
more  remarkable  about  the  Full,  until  we  come  to 
the  Polar  Circles,  or  66  degrees  from  the  Equa- 
tor; in  which  Latitude  the  Ecliptic  and  Horizon 
become  coincident  every  day  for  a moment,  at  the 
fame  fydereal  hour  (or  3 minutes  56  feconds 
fooner  every  day  than  the  former),  and  the  very 
next  moment  one  half  of  the  Ecliptic  containing 
Capricorn,  Aquarius,  Pifces,  Aries,  Taurus,  and 
Gemini,  rifes,  and  the  oppofite  half  fets.  There- 
fore, while  the  Moon  is  going  from  the  beginnino- 
of  Capricorn  to  the  beginning  of  Cancer,  which 
is  almoft  14  days,  Ihe  rifes  at  the  fame  fydereal 
hour;  and  in  autumn  juft  at  Sun-fet,  becaufe  all 
the  half  of  the  Ecliptic,  in  which  the  Sun  is  at 
that  time,  fets  at  the  fame  fydereal  hour,  and  the 
oppofite  half  rifes;  that  is,  3 minutes  56  feconds, 
of  mean  folar  time,  fooner  every  day  than  on  the 
day  before.  So  while  the  Moon  is  going  from 
Capricorn  to  Cancer,  fhe  rifes  earlier  every  day 
than  on  the  preceding;  contrary  to  what  (he  does 
at  all  places  between  the  Polar  Circles.  But  dur- 
mg  the  above  fourteen  days,  the  Moon  is  24 
fydereal  hours  later  in  fetting;  for  the  fix  Signs 
which  rife  all  at  once  on  the  eaftern  fide  of  the 
Horizon  are  24  hours  in  fetting  on  the  weftern  fide 
of  It;  as  any  one  may  fee  by  making  chalk-marks 
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at  the  beginning  of  Capricorn  and  of  Cancer,  and 
then,  having  elevated  the  Pole  66 1 degrees,  turn 
the  Globe  (lowly  round  its  Axis,  and  obferve  the 
rifing  and  fetting  of  the  Ecliptic.  As  the  begin- 
nmg  of  Aries  is  equally  diftant  from  the  beginning 
of  Cancer  and  of  Capricorn,  it  is  in  the  middle 
of  that  half  of  the  Ecliptic  which  rifes  all  at  once. 
And  when  the  Sun  is  at  the  beginning  of  Libra* 
he  is  in  the  middle  of  the  other  half.  Therefore’ 
when  the  Sun  is  in  Libra,  and  the  Moon  in  Capri- 
corn, the  Moon  is  a Quarter  of  a Circle  before  the 
Sun;  oppofite  to  him,  and  confequently  full  in 
Aries,  and  a Quarter  of  a Circle  behind  him,  when 
in  Cancer.  But  when  Libra  rifes,  Aries  fets,  and 
all  that  half  of  the  Ecliptic  of  which  Aries  is  the 
middle,  and  therefore,  at  that  time  of  the  year,the 
Moon  rifes  at  Sun-fet  from  her  firft  to  her  third 
Quarter. 

286.  In  northern  Latitudes,  the  autumnal  Full 
Moons  are  in  Pifees  and  Aries;  and  the  vernal 
Full  Moons  in  Virgo  and  Libra:  in  fouthern  La- 
titudes, juft  the  reverfe,  becaufe  the  feafons  are 
contrary.  But  Virgo  and  Libra  rife  at  as  fmall 
Angles  with  the  Horizon  in  fouthern  Latitudes, 
as  Pifees  and  Aries  do  in  the  northern;  and  there- 
fore the  Harveft-Moons  are  juft  as  regular  on  one 
fide  of  the  Equator  as  on  the  other. 

287.  As  thefe  Signs,  which  rife  with  the  leaft 
Angles,  fet  with  the  greateft,  the  vernal  Full 
Moons  differ  as  much  in  their  times  of  rifing  every 
night,  as  the  autumnal  Full  Moons  differ  fn  their 
times  of  fetting ; and  fet  with  as  little  difference 
as  the  autumnal  Full  Moons  rife;  the  one  being 
in  all  cafes  the  reverfe  of  the  other. 

288.  Hitherto,  for  the  fake  of  plainnefs,  we 
have  fuppofed  the  Moon  to  move  in  the  Ecliptic, 
from  which  the  Sun  never  deviates.  But  the 
Orbit  in  which  the  Moon  really  moves  is  different 
from  the  Ecliptic:  one  half  being  elevated  5|  de- 
grees above  it,  and  the  other  half  as  much  de- 
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prefTed  below  it.  The  Moon’s  Orbit  therefore 
interfefts  the  Ecliptic  in  two  points  diametrically 
oppofite  to  each  other;  and  thefe  interfedions  are 
called  the  Moon's  Nodes.  So  the  Moon  can  never 
be  in  the  Ecliptif  but  when  fhe  is  in  either  of  her 
Nodes,  which  is  at  lead  twice  in  every  courfe  from 
Change  to  Change,  and  fometimes  thrice.  For, 
as  the  Moon  goes  almoft  a whole  Sign  more  than 
round  her  Orbit  from  Change  to  Change;  if  Ihe 
pafles  by  either  Node  about  the  time  of  Change, 
flie  will  pafs  by  the  other  in  about  fourteen  days 
after,  and  come  round  to  the  former  Node  two 
days  again  before  the  next  Change.  That  Node 
from  which  the  Moon  begins  to  afcend  northward, 
or  above  the  Ecliptic,  in  northern  latitudes,  is 
called  the  Afcending  Node\  and  the  other  the  D/?- 
fcending  Node,  becaufe  the  Moon,  when  flie  pafles 
by  it,  defcends  below  the  Ecliptic  fouthward. 

289.  The  Moon’s  oblique  motion  with  regard 
to  the  Ecliptic  caufes  fome  difference  in  the  times 
of  her  rifing  and  fettingfrom  what  is  already  men- 
tioned. For  when  fhe  is  northward  of  the  Eclip- 
tic, fhe  rifes  fooner  and  fets  later  than  if  flie  moved 
in  the  Ecliptic;  and  when  fhe  is  fouthward  of  the 
Ecliptic,  fhe  rifes  later  and  fets  fooner.  This  dif- 
ference is  variable,  even  in  the  fame  Signs,  becaufe 
the  Nodes  fhift  backward  about  19^  degrees  in 
the  Ecliptic  every  year;  and  fo  go  round  it  con- 
trary to  the  order  of  Signs  in  18  years  225  days. 

290.  When  the  afcending  Node  is  in  Aries,  tlie 
fouthern  half  of  the  Moon’s  Orbit  makes  an  Angle 

lefs  with  the  Horizon  than  the 
Ecliptic  does,  when  Aries  rifes  in  northern  Lati- 
tudes: for  which  reafon  the  Moon  rifes  with  lefs 
difference  of  time  while  fhe  is  in  Pifces  and  Aries 
than  fhe  would  do  if  fhe  kept  in  the  Ecliptic! 
But  in  9 years  and  112  days  afterward,  the  De- 
fcending  Node  comes  to  Aries;  and  then  the 
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Ecliptic  does  at  that  time;  which  caufes  the  Moon 
to  rile  with  greater  difference  of  time  in  Pifces  and 
Aries  than  if  ffie  moved  in  the  Ecliptic. 

291.  To  be  a little  more  particular;  when  the 
Afcending  Node  is  in  Aries,  the  Angle  is  only 
94  degrees  on  the  parallel  of  London  when  Aries 
rifes.  But  when  the  Defcending  Node  comes  to 
Aries,  the  Angle  is  20^  degrees;  this  occafions  as 
great  a difference  of  the  Moon’s  rifing  in  the  fame 
Signs  every  9 years,  as  there  would  be  on  two  pa- 
rallels lo^-  degrees  from  one  another,  if  the 
Moon’s  courfe  were  in  the  Ecliptic.  The  follow- 
ing Table  ffiews  how  much  the  Obliquity  of  the 
Moon’s  Orbit  affedts  her  rifing  and  fetting  on  the 
parallel  London^  from  the  i2ih  to  the  18th  day 
of  her  age;  fuppofing  her  to  be  full  at  the  au- 
tumnal Equinox;  and  then,  either  in  the  Afcend- 
ing Node,  higheft  part  of  her  Orbit,  Defcending 
Node,  or  lowefl;  part  of  her  Orbit.  M fignifics 
morning,  ^ afternoon;  and  the  line  at  the  foot  of 
the  Table  ffiews  a week’s  difference  in  rifing  and 
fetting. 


12 

14 

>5 

>7 

18 

iDift 


Full  in 

her  Al- 

in 

the 

higheli 

F ull 

111 

ncr 

De- 

In  the 

lowt  It 

cending  Node. 

pt. 

ofherOrbit. 

feendinj 

1 Node. 

pt.  ofherOrbit. 

Rifes  at 

Sets 

at 

Rifes  at 

Sets 

at 

Rifes  at 

Sets  at 

Rifes  at 

Sets 

at 

H.  M 

H. 

M. 

H. 

M. 

H. 

M. 

H. 

M. 

d. 

M. 

H.  M. 

H. 

M. 

5^15 

3MZO 

4^30 

3-^‘S 

4^32 

3 A/ 40 

lb 

3M  0 

5 32 

4 

25 

4 

50 

4 

45 

5 

15 

4 

20 

6 0 

4 

>5 

5 48 

5 

30 

5 

D 

6 

0 

5 

45 

S 

40 

6 20 

5 

28 

6 5 

7 

0 

5 

42 

7 

20 

6 

'5 

6 

56 

6 45 

6 

32 

6 20 

8 

15 

6 

2 

8 

35 

6 

46 

8 

0 

7 ^ 

7 

45 

6 36 

9 

12 

6 

26 

9 

45 

7 

18 

9 

IS 

7 30 

9 

15 

6 54 

10 

30 

7 

0 

10 

40 

8 

0 

to 

20 

7 52 

10 

0 

1 3 9 

7 

10 

2 

30 

7 

25 

.1 

28 

6 

40 

2 36 

7 

0 

This  Table  was  not  computed,  but  only  efti- 
mared  as  near  as  could  be  done  from  a common 
Globe,  on  which  the  Moon’s  Orbit  was  delineated 

with  a black-lead  pencil.  It  may  at  ffrft  fightap- 
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pear  erroneous}  fince  as  we  have  fuppofed  the 
Moon  to  be  full  in  either  Node  at  the  autunnnal 
Equinox,  flie  ought  by  the  Table  to  rile  juft  at  fix 
o’clock,  or  at  Sun-fet,  on  the  15th  day  of  her  agej 
being  in  the  Ecliptic  at  that  time.  But  it  muft  be 
confidered,  that  the  Moon  is  only  14I  days  old 
when  (he  is  Full;  and  therefore  in  both  caies  ftie 
is  a little  paft  the  Node  on  the  15th  day,  being 
above  it  at  one  time,  and  below  it  at  the  other. 

292.  As  there  is  a compleat  revolution  of  the 
Nodes  in  1 8|-  years,  there  muft  be  a regular  period 
of  all  the  varieties  which  can  happen  in  the  rifing 
and  fetting  of  the  Moon  during  that  time.  But 
this  Ihifting  of  the  Nodes  never  alFedls  the  Moon’s 
rifing  fo  much,  even  in  her  quickeft  defcending 
Latitude,  as  not  to  allow  us  ftill  the  benefit  of  her 
rifing  nearer  the  time  of  Sun-fet  for  a few  days  to- 
gether about  the  Full  in  Harveft,  than  when  (he 
is  Full  at  any  other  time  of  the  year.  The  follow- 
ing Table  (hews  in  what  years  the  Harveft-Moons 
areleaft  beneficial  as  to  the  times  of  their  rifing, 
and  in  what  years  moft,  from  1751  to  1861.  The 
column  of  years  under  the  letter  L are  thofe  in 
which  the  Harveft-Moons  are  leaft  of  all  beneficial, 
becaufe  they  fall  about  the  Defcending  Node : and 
thofe  under  M are  the  moft  of  all  beneficial,  be- 
caufe they  fall  about  the  Afcending  Node.  In  all 
the  columns  from  Af  to  S the  Harveft-Moons  de- 
fcend  gradually  in  the  Lunar  Orbit,  and  rife  to  lefs 
heights  above  the  Horizon.  From  S to  N they  af- 
cend  in  the  fame  proportion,  and  rife  to  Greater 
heights  above  the  Florizon.  In  both  the  Columns 
under  6*,  the  Harveft-Moons  are  in  the  lowed:  part 
of  the  Moon’s  Orbit,  that  is,  fartheft  South  of  the 
Ecliptic } and  therefore  ftay  ihortcft  of  all  above 
the  Florizon:  in  the  Columns  under  A^,  juft  the  re-, 
verfe.  And  in  both  cafes,  their  rifings,  though  not 
at  the  fame  times,  are  nearly  the  fame  with  regard 
to  difference  of  time,  as  if  the  Moon’s  Orbit  were 
coincident  with  the  Ecliptic. 
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Years  :n  nxshich  the  Harvejl-Moons  are  leaji  beneficial. 
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293.  At  the  Polar  Circles,  when  theSun  touches 
• the  Summer  Tropic,  he  continues  24  hours  above 
the  Horizon  ; and  24  hours  below  it  when  he 
touches  the  Winter  Tropic.  For  the  fame  reafon 
the  Full  Moon  neither  rifes  in  Summer,  nor  fets 
in  Winter,  confidering  her  as  moving  in  the  Eclip- 
tic. For  the  Winter  Full  Moon  being  as  high  in 
the  Ecliptic  as  the  Summer  Sun,  muft  therefore 
continue  as  long  above  the  Horizon;  and  the 
Summer  Full  Moon  being  as  low  in  the  Ecliptic 
as  the  Winter  Sun,  can  no  more  rife  than  he  does. 
But  thefe  are  only  the  two  Full  Moons  which  hap* 
pen  about  the  Tropics,  for  all  the  others  rife  and 
fet.^  In  Summer  theFull  Moons  are  low,  and  their 
ftay  is  Ihort  abovethe  Horizon,  when  the  nights  are 
fhort,  and  we  have  lead  occafion  for  Moon-light ; 
in  Winter  they  go  high,  and  ftay  long  above  the 
Horizon,  when  the  nights  are  long,  and  we  want 
the  greateft  quantity  of  Moon-light. 

294.  At  the  Poles,  one  half  of  the  Ecliptic 
’never  fets,  and  the  other  half  never  rifes;  apd 
therefore,  as  the  Sun  is  always  half  a year  in  de- 
fcribing  one  half  of  the  Ecliptic,  and  as  long  in 
going  through  the  other  half,  it  is  natural  to  ima- 
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gine  that  the  Sun  continues  half  a year  together 
above  the  Horizon  of  each  Pole  in  its  turn,  and 
as  long  below  it;  rifrng  to  one  Pole  when  he  fcts 
to  the  other.  This  would  be  exadlly  the  cafe  if 
there  were  no  refra6tion : but  by  the  Atmofphere’s 
refrafting  the  Sun’s  rays,  he  becomes  vifible  fome 
days  fooner,  § 183,  and  continues  fome  days 
longer  in  fight  than  he  would  otherwife  do : fo  that 
he  appears  above  the  Horizon  of  either  Pole  be- 
fore he  has  got  below  the  Horizon  of  the  other. 
And,  as  he  never  goes  more  than  22k  degrees  be- 
low the  Horizon  of  the  Poles,  they  have  very 
little  dark  night,  it  being  twilight  there,  as  well  as 
at  all  other  places,  till  theSun  be  18  degrees  below 
the  Horizon,  §177.  The  Full  Moon  being  al- 
ways oppofite  to  the  Sun,  can  never  be  feen  while 
the  Sun  is  above  the  Horizon,  except  when  the 
Moon  falls  in  the  northern  half  of  her  Orbit;  for 
whenever  any  point  of  the  Ecliptic  rifes,  the  op- 
pofite point  fets.  Therefore,  as  the  Sun  is  above 
the  Horizon  of  the  north  Pole  from  the  20th  of 
March  till  the  23d  of  September,  it  is  plain  that  the 
Moon,  when  Full,  being  oppofite  to  the  Sun,  muft 
be  below  the  Horizon  during  that  half  of  the  year. 
But  when  the  Sun  is  in  the  fouthern  half  of  the 
Ecliptic,  he  never  rifes  to  the  north  Pole,  during 
which  half  of  the  year,  every  Full  Moon  happens 
in  fome  part  of  the  northern  half  of  the  Ecliptic, 
which  never  fets.  Confequently,  as  the  polar  In- 
habitants never  fee  the  Full  Moon  in  Summer, 
they  have  her  always  in  the  Winter,  before,  ar, 
and  after  the  Full,  fhining  for  14  of  our  days  and 
nights.  And  when  the  Sun  is  at  his  greareft  de- 
preffion  below  the  Florizon,  being  then  in  Capri- 
corn, the  Moon  is  at  her  Firft  Q^iarter  in  Aries, 
Full  in  Cancer,  and  at  her  Third  Quarter  in 
Libra.  And  as  the  beginning  of  Aries  is  the 
rifing  point  of  the  Ecliptic,  Cancer  the  highefl, 
and  Libra  the  fetting  point,  the  Moon  rifes  at  her 
Firft  Quarter  in  Aries,  is  moft  elevated  above  the 
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*The  long  ^Duration  of  Moon-light  at  the  Poles. 

Horizon,  and  Full  in  Cancer,  and  fets  at  the  be- 
ginning of  Libra  in  her  Third  Quarter,  having 
continued  vifible  for  14  diurnal  rotations  of  the 
Larth.  Thus  the  Poles  are  fupplied  one  half  of 
the  winter-time  with  conftant  Moon-light  in  the 
Sun’s  abfence;  and  only  lofe  fight  of  The  Moon 
from  her  Third  to  her  Firft  Quarter,  while  fhe 
gives  but  very  little  light;  and  could  be  but  of 
little,  and  lometimes  of  no  fervice  to  them.  A 
bare  view  of  the  Figure  will  make  this  plain;  in 
which  let  6*  be  the  Sun,  ^ the  Earth  in  Summer, 
when  its  north  Pole  n inclines  toward  the  Sun* 
and  E the  Earth  in  Winter,  when  its  north  Pole 
declines  from  him.  SEN  and  NIVS  is  the  Ho- 
rizon of  the  north  Pole,  which  is  coincident  with 
the  Ecjuator;  and,  in  both  thefc  pofitions  of  the 
Earth,  ‘V’  25  Jcf  is  the  Moon’s  Orbit,  in  which 
flie  goes  round  the  Earth,  according  to  the  order 
of  the  letters  abed,  ABCD.  When  the  Moon 
is  at  a,  fhe  is  in  her  Third  Quarter  to  the  Earth 
at  e,  and  juft  rifing  to  the  north  Pole  «;  at  b flie 
changes,  and  is  at  the  greateft  height  above  the 
Horizon,  as  the  Sun  likewife  is;  at  c flie  is  in  her 
Firft  Quarter,  fetting  below  the  Horizon;  and  is 
loweft  of  all  under  it  at  d,  when  oppofite  to  the 
Sun,  and  her  enlightened  Side  toward  the  Earth. 
But  then  fhe  is  full  in  view  to  the  fouth  Pole  p-, 
which  is  as  much  turned  from  the  Sun  as  the 
north  Pole  inclines  toward  him.  Thus  in  our 
Summer,  the  Moon  is  above  the  Horizon  of  the 
north  Pole  while  fhe  deferibes  the  northern  half 
of  the  Ecliptic  ‘r  25  ai:,  or  from  her  Third  Qiiar- 
ter  to  her  Firft;  and  below  the  Florizon  during 
her  progrefs  through  the  fouthern  half  i:f  t ; 
higheft  at  the  Change,  moft  deprelfed  at  the  P'ull. 
But  in  winter,  when  the  Earth  is  at  E,  and  its 
north  Pole  declines  from  the  Sun,  the  New  Moon 
acZ)  is  at  her  greateft  deprefTion  brlow  the  Hori- 
zon NIFS,  and  the  Full  Moon  at  B at  her  greateft 
height  above  it;  rifing  at  her  Firft  Quarter  J, 
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and  keeping  above  the  Horizon  till  fhe  comes  to 
her  third  Quarter  C.  At  a mean  ftate  iLe  is  23 1 
degrees  above  the  Horizon  at  B and  i?,  and  as 
much  below  it  at  D and  d,  equal  to  the  inclination 
of  the  Earth’s  Axis  F.  S ^ or  S Vf  are,  as  it 
were,  a ray  of  light  proceeding  from  the  Sun  to 
the  Earth  j and  Ihews  that  when  the  Earth  is  at  e, 
the  Sun  is  above  the  Horizon,  vertical  to  the 
Tropic  of  Cancer;  and  when  the  Earth  is  at  £, 
he  is  below  the  Horizon,  vertical  to  the  Tropic  of 
Capricorn. 

CHAP.  XVII. 

Of  the  Ebbing  and  Flowing  of  the  Sea. 

295.  r"T^HE  caufe  of  the  Tides  was  difcovered 
X by  Kepler,  who,  in  his  Introduction  to 
the  Phyfics  of  the  Heavens^  thus  explains  it;  “The  Thcc.ufeof 
Orb  of  the  attradling  power,  which  is  in  the  Moon, 
is  extended  as  far  as  the  Earth;  and  draws  the  wa-  by  kxp. 
ters  under  the  Torrid  Zone,  ading  upon  places 
where  it  is  vertical,  infenfibly  on  confined  feas  and 
bays,  but  fenfibly  on  the  ocean,  whofe  beds  are 
large,  and  the  waters  have  the  liberty  of  recipro- 
cation; that  is,  of  rifing  and  falling.”  And  in  the 
70th  page  of  his  Lunar  /.Jlronomy — “ But  the  caufe 
of  the  Tides  of  the  Sea  appears  to  be  the  bodies  of 
the  Sun  and  Moon  drawing  the  waters  of  the  Sea.” 

This  hint  being  given,  the  immortal  Sir  Isaac  TbetrThe- 
Eewton  improved  it,  and  wrote  fo  amply  on  the  e7b'”si'r'^* 
fubjed,  as  to  make  the  Theory  of  the  Tides  in  a 
Manner  quite  his  own;  by  difcovering  the  caufe 
of  their  rifing  on  the  fide  of  the  Earth  oppofite  to 
the  Moon,  for  Kepler  believed,  that  the  pre- 
lence  of  the  Moon  occafioned  an  impulfe  which 
caufed  another  in  her  abfence. 

296.  It  has  been  already  Ihewn,  § 106,  that  the  Explained 
power  of  gravity  diminifhes  as  the  Iquare  of  the  on  the  New-, 
cliftance  increafes;  and  therefore  the  waters  at  Z,  cipics7"“* 

on 
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on  the  fide  of  the  Earth  JBCBEFGH  n^xt  the 
Moon  M,  are  more  attrafted  than  the  central  parts 
of  the  Earth  O by  the  Moon,  and  the  central  parts 
are  more  attraded  by  her  than  the  waters  on  the 
oppofite  fide  of  the  Earth  at  n : and  therefore  the 
diftance  between  the  Earth’s  center  and  the  waters 
on  its  furface  under  and  oppofitt  to  the  Moon 
will  be  increafed.  For,  let  there  be  three  bodies 
at  H,  O,  and  D : if  they  are  all  equally  attrafted 
by  the  body  M,  they  will  all  move  equally  fall 
toward  it,  their  mutual  diftances  from  each  other 
continuing  the  fame.  If  the  attradion  of  Af  is  un- 
equal, then  that  body  which  is  moft  ftrongly  at- 
trafted  will  move  fafieft,  and  this  will  increalc  its 
diftance  from  the  other  body.  Therefore,  by  the 
law  of  gravitation,  M will  attradl  H more  ftrongly 
than  it  does  0,  by  which  the  diftance  between  H 
and  0 will  be  increafed:  and  a Speftatoron  0 will 
perceive  //rifing  higher  toward  Z.  In  like  man- 
ner O being  more  ftrongly  attradted  than  Z),  it 
will  move  farther  toward  M than  D docs:  confe- 
quently,  the  diftance  between  O and  Z?  will  be 
increafed  ; and  a fpeflator  on  O,  not  perceiving 
his  own  motion,  will  fee  D receding  farther  from 
him  toward  all  effefts  and  appearances  be- 
ing the  fame,  whether  D recedes  from  O,  or  0 
from  Z). 

297.  Suppofe  now  there  is  a number  of  bodies, 
as  yf,  By  Cy  Dy  Ey  Fy  Gy  Hy  phccd  round  O,  fo  as  to 
form  a flexible  or  fluid  ring:  then,  as  the  whole  is 
attradled  towards  My  the  parts  at  H and  Z)  will 
have  their  diftance  from  0 increafed;  while  the 
parts  at  B and  Fy  being  nearly  at  the  fame  diftance 
from  M as  O is,  thefe  parts  will  not  recede  from 
one  another;  but  rather,  by  the  oblique  attraction 
of  My  they  will  approach  nearer  to  O.  Hence, 
the  fluid  ring  will  form  itfelf  into  an  ellipfe 
ZIBLnKFNZy  whofc  longer  Axis  nOZ  pro- 
duced will  pafs  through  M,  and  its  fhorter  Axis 

BOF  will  terminate  in  B and E.  Let  the  ring  be 

filled 
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filled  with  fluid  particles,  fo  as  to  form  a fphere 
round  0 ; then,  as  the  whole  moves  toward  the 
fluid  fphere  being  lengthened  at  Z and  will 
aflume  an  oblong  or  oval  form.  If  M is  the 
Moon,  O the  Earth’s  center,  A BCD  EFGH  x\\z 
Sea  covering  the  Earth’s  furface,  it  is  evident,  by 
the  above  reafoning,  that  while  the  Earth  by  its 
gravity  falls  toward  the  Moon,  the  Water  direftly 
below  her  at  B will  fwell  and  rife  gradually  toward 
her:  alfo  the  Water  at  D will  recede  from  the 
center  [ftriftly  fpeaking,  the  center  recedes  from 
Z)J,  and  rife  on  the  oppofite  fide  of  the  Earth:  while 
the  Water  at  B and  Fis  deprefled,  and  falls  below 
the  former  level.  Hence,  as  the  Earth  turns  round 
its  Axis  from  the  Moon  to  the  Moon  again  in  24^ 
hours,  there  will  be  two  Tides  of  Floo'd  and  two  of 
Ebb  in  that  time,  as  we  find  by  Experience. 

298.  As  this  explanation  of  the  ebbing  and 
flowing  ofthe,Sea  is  deduced  from  the  Earth’s  con- 
ftantly  falling  toward  the  Moon  by  the  power  of 
gravity,  fome  may  find  a difficulty  in  conceiving 
how  this  is  poffible,  when  the  Moon  is  full,  or  in 
oppofition  to  the  Sunj  fince  the  Earth  revolves 
about  the  Sun,  and  muft  continually  fall  toward 
it,  and  therefore  cannot  fall  contrary  ways  at  the 
fame  time;  or  if  the  Earth  is  conftantly  falling 
toward  the  Moon,  they  muft  come  together  at 
laft.  To  remove  this  difficulty,  let  it  be  confi- 
dered,  that  it  is  not  the  center  of  the  Earth  that 
defcribes  the  annual  Orbit  round  the  Sun,  but 
the*  common  center  of  gravity  of  the  Earth  and 
Moon  together:  and  that  while  the  Earth  is 


This  center  IS  as  much  nearer  the  Earth’s  center  than  the 
IWoon  s as  the  Earth  is  heavier,  or  contains  a greater  quan- 

Wk  k the  Moon,  namely,  about  40  timel  If 

both  bodies  were  fui^pended  on  it,  they  would  hang  in  equiU. 

frnm  ^k  2+o.coo  miles,  the  Moon’s  diltance 

weThr  aL  k the  Earth’s 

■R  k the  diftance  of  the  common  center  of  gravity  of  the 
Earth  and  Moon  from  the  Earth’s  center.  ^ ^ 

moving 
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moving  round  the  Sun,  it  alfo  defcribes  a Circle 
round  that  center  ofgravity ; going  as  many  times 
round  it  in  one  revolution  about  the  Sun  as  there 
are  lunations  or  courfes  of  the  Moon  round  the 
Earth  in  a year:  and  therefore,  the  Earth  is  con- 
ftantly  falling  toward  the  Moon  from  a tangent 
to  the  Circle  it  defcribes  round  the  faid  common 
center  of  gravity.  Let  M be  the  Moon,  T'/^part 
of  the  Moon’s  Orbit,  and  C the  center  of  gravity 
of  the  Earth  and  Moon-,  while  the  Moon  goes 
round  her  Orbit,  the  center  of  the  Earth  defcribes 
the  Circle  dge  round  C,  to  which  Circle  gak  is  a 
tangent:  and  therefore,  when  the  Moon  has  gone 
from  I\d  to  a little  paft  Wy  the  Earth  has  moved 
from  g to  e-y  and  in  that  time  has  fallen  toward 
the  Moon,  from  the  tangent  at  a to  e-y  and  fo  on, 
round  the  whole  Circle. 

299.  The  Sun’s  influence  in  raifing  the  Tides  is 
but  imall  in  comparifon  of  the  Moon’s : for  though 
the  Earth’s  diameter  bears  a confiderable  propor- 
tion to  its  diftance  from  the  Moon,  it  is  next  to 
nothing  when  compared  to  its  diftance  from  the 

i^Sun.  And  therefore,  the  difference  of  the  Sun’s 
attradion  on  the  fides  of  the  Earth  under  and  op- 
pofite  to  him,  is  much  lefs  than  the  difference  of 
the  Moon’s  attradlion  on  the  fides  of  the  Earth  un- 
der and  oppofite  to  her:  and  therefore  the  Moon 
muft  raife  the  Tides  much  higher  than  they  can  be 
raifed  by  the  Sun. 

300.  On  this  Theory,  fo  far  as  we  have  ex- 
plained it,  the  Tides  ought  to  be  higheft  directly 
under  and  oppofite  to  the  Moon  i that  is,  when 
the  Moon  is  due  north  and  fouth.  But  we  find, 
that  in  open  Seas,  where  the  water  flows  freely, 
the  Moon  M is  generally  paft  the  north  and  fouth 
Meridian, -as  atj),  when  it  is  high  water  at  Z and 
at  n.  The  reafon  is  obvious;  for  though  the 
Moon’s  attradlion  was  to  ceafe  altogether  when  fhe 
was  paft  the  Meridian,  yet  the  motion  of  afcenc 

communi- 
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communicated  to  the  water  before  that  time  would 
make  it  continue  to  rife  for  fome  time  after  ; much 
more  muft  it  do  fo  when  the  attradliion  is  only 
diminifhed  : as  a little  impulfe  given  to  a moving 
ball  will  caufe  it  ftill  to  move  farther  than  other- 
wife  it  could  have  done.  And  as  experience  (hews, 
that  the  day  is  hotter  about  three  in  the  afternoon 
than  when  the  Sun  is  on  the  Meridian,  becaufe  of 
the  encreafe  made  to  the  heat  already  imparted. 

301.  The  Tides  anfwer  not  always  to  the  fame 
dillance  of  the  Moon  from  the  Meridian  at  the 
fame  places ; but  arevarioufly  affedted  by  the  adion 
of  the  Sun,  which  brings  them  on  fooner  when  the 
Moon  isinherFirftand  Third  Quarters,  and  keeps 
them  back  later  when  flae  is  in  her  Second  and 
Fourth;  becaufe,  in  the  former  cafe,  theTide  raifed 
by  the  Sun  alone  would  be  earlier  than  the  Tide 
raifed  by  the  Moon ; and  in  the  latter  cafe  later. 

302.  The  Moon  goes  round  the  Earth  in  an 
elliptic  Orbit,  and  therefore,  in  every  Lunar 
Month,  fheapproachesnearertothe  Earth  than  her 
mean  diftance,  and  recedes  farther  from  it.  When 
Ihe  is  neareft,  fhe  attracts  ftrongeft,  and  fo  raifes 
the  Tides  moft ; the  contrary^happens  when  (he 
is  fartheft,  becaufeof  her  weaker  attradion.  When 
both  Luminaries  are  in  the  Equator,  and  the 
Moon  in  Perigeo,  or  at  her  leaft  diftance  from  the 
Earth,  (he  raiies  the  Tides  higheft  of  all,  efpeciallv 
ather  Conjundion  and  Oppofitionj  both  becaufe 
the  equatorial  parts  have  the  greateft  centrifu^^al 
force  from  their  defcribing  the  largeft  Circle,  alid 
from  the  concurring  adions  of  the  Sun  and  Moon. 
At  the  change,  the  attradive  forces  of  the  Sim 
and  Moon  being  united,  they  diminifti  the  gravity 
ofihe  waters  under  the  Moon,  and  their  Gravity 
on  the  oppofire  fide  is  diminifhed  by  means  of  a 
greater  centrifugal  force.  At  theFull,  while  the 
Moon  raifes  the  Tide  under  and  oppofite  to  her 
the  Sun  ading  in  the  fame  line,  raifes  the  Tide 

under 
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under  and  oppofite  to  him  ; whence  their  #onjoln 
effect  is  the  fame  as  at  the  Change ; and  in  both 
cafes,  occafion  what  we  call  the  Spring  Tides.  But 
at  the  Quarters  the  Sun’s  aftion  on  the  waters  at 
O and  Hdiminifhes  the  effedt  of  the  Moon’s  adtion 
on  the  waters  at  Z and  N\  fo  that  they  rife  a little 
under  and  oppofite  to  the  Sun  at  O and  //,  and 
fall  as  much  under  and  oppofite  to  the  Moon  at 
Z and  iV;  making  what  we  call  the  Neap  Tidesj 
becaufe  the  Sun  and  Moon  then  aft  crofs-wife  to 
each  other.  But,  ftriftly  fpeaking,  thefe  Tides 
happen  not  till  fome  time  after;  becaufe  in  this, 
as  in  other  cafes,  § 300,  the  aftionsdo  not  produce 
the  greatefl  effeft  when  they  are  at  the  ftrongeft, 
but  fome  time  afterward. 

303.  The  Sun  being  nearer  the  Earth  in  Winter 
than  in  Summer,  § 205,  is  of  courfe  nearer  to  it 
in  February  and  Oblobert  than  in  March  and  Sep- 
tember ; and  therefore  the  greareft  Tides  happen 
not  till  fome  time  after  the  autumnal  Equinox,  and 
return  a little  before  the  vernal. 

The  Sea  being  thus  put  in  motion,  would  con-, 
tinue  to  ebb  and  flow  for  feveral  times,  even  though 
the  Sun  and  Moon  were  annihilated,  or  their  in- 
fluence fhoLild  ceafe;  as  if  a bafon  of  water  were 
agitated,  the  water  would  continue  to  move  for 
fome  time  after  the  bafon  was  left  to  ftand  ftill. 
Or  like  a pendulum,  which  having  been  put  in 
motion  by  the  hand,  continues  to  make  feveral 
vibrations  without  any  new  impulfe. 

304.  When  the  Moon  is  in  the  Equator,  the' 
Tides  are  equally  high  in  both  parts  of  the  lunar 
day,  or  time  of  the  Moon’s  revolving  from  the 
Meridian  to  the  Meridian  again,  which  is  24  hours 
50  minutes.  But  as  the  Moon  declines  from  the 
Equator  toward  either  Pole,  the  Tides  are  alter- 
nately higher  and  lower  at  places  having  north  or 
fouthLatitude.  For  one  of  the  higheft  elevations, 
which  is  that  under  the  Moon,  follows  her  toward 
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the  Pole  to  which  fhe  is  nearefl:,  and  the  other 
declines  toward  the  oppofite  Pole;  each  elevation 
defcribing  parallels  asfar  diftantfrom  thcEquator, 
on  oppofite  Tides,  as  the  Moon  declines  from  it  to 
either  fide;  and  confequently,  the  parallels  de- 
Tcribed  by  thefe  elevations  of  the  water  are  twice 
as  many  degrees  from  one  another  as  the  Moon  is 
from  the  Equator;  increafing  their  diftance  as  the 
Moon  increafes  her  declination,  till  it  be  at  the 
greateft,  when  the  faid  parallels  are,  at  a mean  ftate, 

47  degrees  from  one  another  : and  on  that  day 
the  Tides  are  moft  unequal  in  their  heights.  As 
the  Moon  returns  toward  the  Equator,  the  parallels 
defcribed  by  the  oppofite  elevations  approach  to- 
ward each  other,  until  the  .Moon  comes  to  the 
Equator,  and  then  they  coincide.  As  the  Moon 
declines  toward  the  oppofite  Pole,  at  equal  dif. 
tances,  each  elevation  defcribes  the  fame  parallel 
in  the  other  part  of  the  lunar  day,  which  its  oppo- 
fite elevation  defcribed  before.  While  the  Moon 
has  north  declination,  the  greateft  Tides  in  the 
northern  Hemifphere  are  when  fhe  is  above  the 
Horizon;  and  the  reverie  while  her  declination  is 
fouth.  Let  N ES  the  Earth,  A CS  its 
Axis,  E.^the  Equator,  T the  Tropic  of  Cancer, 
tyf  the  Tropic  of  Capricorn,  ab  the  arftic  Circle, 
cd  the  antaraic,  N the  north  Pole,  S the  fouth 
Pole,  TIT  the  Moon,  EandC  the  two  eminenciesof 
water,  whofe  loweft  parts  are  at  « and</(Fig.  III.') 
at  TV  and  S (Fig.  IV.)  and  at  ^ and  c (Fig.  V.) 
always  90  degrees  from  the  higheft.  Now  when 

declination  at 

M,  the  higheft  elevation  C under  her,  is  on  the  Flg.iii. 
lropic  ofCancer,ir<i5,  and  the  oppofite  elevation 
, on  the  Tropic  of  Capricorn,  / ; and  thefe  two 

elevations  defcribe  the  Tropics  by  the  Earth’s 
diurnal  rotation.  All  places  in  the  northern  He- 
mifphere EN^have  the  higheft  Tides  when  they 
rhe  pofition  ^ s under  the  Moon  ; 
d the  loweft  Tides  whqn  the  Earth’s  diurnal 

Q..  rotation 
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the  (ide  oppofite  to  the  Moon  ; the  reverfe  happens 
at  the  fame  time  in  the  fouthern  Hemilpherc 
£<b^,  as  is  evident  to  fight.  The  Axis  of  the 
Tides has  now  its  Poles  a and^  (being  always 
90  degrees  from  the  highelt  elevations)  in  the 
ar6lic  and  antardlic  Circles j and  therefore  it  is 
plain,  that  at  thtfe  Circles  there  is  but  one  Tide 
of  Flood,  and  one  of  Ebb,  in  the  lunar  day.  For, 
when  the  point  a revolves  half  round  to  in  12 
lunar  hours,  it  has  a tide  of  Flood  j but  when  it 
comes  to  the  fame  point  a again  in  1 2 hours  more. 
Fig.  IV.  it  has  the  loweft  Fbb.  In  feven  days  afterward, 
the  Moon  M comes  to  the  equinoftial  Circle,  and 
is  over  the  Equator  when  both  elevations 
deferibe  the  Equator;  and  in  both  Hemifpheres, 
at  equal  ditfances  from  the  E,quaror,  the  Tides  are 
equally  high  in  both  parts  of  the  lunar  day.  The 
Fig.  V.  whole  Phenomena  being  reverfed,  when  the  Moon 
has  fouth  declination,  to  what  they  were  when  , 
her  declination  was  north,  require  no  farther  de* 
feription. 

305.  In  the  three  lad  mentioned  figures,  the 
Earth  is  orthographically  projeded  on  the  plane  of 
the  Meridian ; but  in  order  to  deferibe  a particular 
Phenomenon,  we  now  projed  it  on  the  plane  of, 
the  Ecliptic.  Let  HZON  be  the  Earth  and  Sea, 
Fig.  VI.  FED  the  Equator,  2"  the  Tropic  of  Cancer,  C 
the  ardic  Circle,  P the  north  Pole,  and  the  Curves 
2,  3,  24  Meridians,  or  Hour-circles,  inter- 

feding  each  other  in  the  Poles;  AGM  is  the 
Moon’s  Orbit,  S the  Sun,  M the  Moon,  Z the 
Water  elevated  under  the  Moon,  and  iVthe  oppo- 
whenboth  fite  equal  Elevation.  As  the  loweft  parts  of  the 
^uaMyh'igh  Water  are  always  90  degrees  from  the  higheft:, 
in  the  fame  when  the  Moon  is  in  either  of  the  Tropics  (as  at 
hJc  «'Jne”  M)  the  Elevation  Z is  on  the  Tropic  of  Capricorn, 
qusi  inter-  [he  oppofitc  Elcvation  pi  on  the  Tropic  of 

and  Concef;  thc  low-watcr  Circle //CO  touches  the 
-^uevlrjs,  pQiar  Circles  at  C,  and  thc  high-water  Circle 
^ FTPS 
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ETP6  goes  over  the  Poles  at  P,  and  divides 
every  parallel  of  latitude  into  two  equal  fegments. 
In  this  cafe  the  1 ides  upon  every  parallel  are 
alternately  higher  and  lower;  but  they  return  in 
equal  times  : the  point  T,  for  example,  on  the 
Tropic  of  Cancer  (where  the  depth  of  the  Tide  is 
reprefented  by  the  breadth  of  the  dark  fhade)  has 
a lhallower  Tide  of  blood  at  T,  than  when  it  re- 
volves half  round  from  thence  to  6,  according  to 
the  order  of  the  numeral  Figures;  but,  it  revolves 
as  foon  from  6 to  P as  it  did  from  T to  6.  When 
the  Moon  is  in  the  Equinodial,  the  Elevations  Z 
and  Ware  transferr^l  to  the  Equator  at  O and  H, 
and  the  high  and  low-water  Circles  are  got  into 
each  other’s  former  places;  in  which,  cafe  the 
Tides  return  in  unequal  times,  but  are  equally 
high  in  both  parts  of  the  lunar  day:  for  a place 
at  I (under  Z))  revolving  as  formerly,  goes  fooner 
from  I to  1 1 (under  P)  than  from  1 1 to  i,  bc- 
caufe  the  parallel  it  deferibes  is  cut  into  unequal 
fegments  by  the  high- water  Circle  Z/C  O ; but  the 
points  I and  ii  being  equidiftant  from  the  Pole 
of  the  Tides  at  C,  which  is  diredly  under  the  Pole 
of  the  Moon’s  Orbit  MG  A,  the  Elevations  are 
equally  high  in  both  parts  of  the  day. 


306.  And  thus  it  appears,  that  as  the  Tides 
are  governed  by  the  Moon,  they  mull  turn  on  the 
Axis  of  the  Moon’s  Orbit,  which  is  inclined  lY 
degrees  to  the  Earth’s  Axis  at  a mean  ftate  : and 
therefore  the  Poles  of  the  Tides  muft  be  fo  many 
degrees  from  the  Poles  of  the  Earth,  or  in  oppo- 
me  points  of  the  polar  Circles,  going  round  thefe 
Lircles  in  every  lunar  day.  It  is  true,  that  accord- 
ing to  Fig.  IV.  when  the  Moon  is  vertical  to  the 
Equator  the  Poles  of  the  Tides  feem  to 

fall-in  with  the  Poles  of  the  World  Wand  3;  but 
when  we  confider  that  EG  W is  under  the  Moon's 
Urbit,  It  m\\  appear,  that  when  the  Moon  is  over 
, in  the  Tropic  of  Capricorn,  the  north  Pole  of 

the 
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the  Tides  (which  can  be  no  more  than  90  degrees 
from  under  the  Moon)  muft  be  at  C in  the  ardtic 
Circle,  not  at  P,  the  north  Pole  of  the  Earth  ; 
and  as  the  Moon  afeends  from  Hto  G in  her  Orbit, 
the  north  Pole  of  the  Tides  muft  ftiifc  from  r to  ^ 
in  the  ardlic  Circle,  and  the  fouth  Pole  as  much  in 
the  antardtic. 

It  is  not  to  be  doubted,  but  that  the  Earth’s 
quick  rotation  brings  the  Poles  of  the  Tides  nearer 
to  the  Poles  of  the  World,  than  they  would  be  if 
the  Earth  were  at  reft,  and  the  Moon  revolved 
about  it  only  once  a month  j for  otherwife  the 
Tides  would  be  moreuncqual  in  their  heights,  and 
times  of  their  returns,  than  we  find  they  are.  But 
how  near  the  Earth’s  rotation  may  bring  the  Poles 
of  its  Axis  and  thofe  of  the  Tides  together,  or 
hovy  far  the  preceding  Tides  may  affedl  thofe 
which  follow,  fo  as  to  make  them  keep  up  nearly 
to  the  fame  heights,  and  times  of  ebbing  and  flow- 
ing, is  a problem  more  fit  to  be  folved  by  obferva- 
tion  than  by  theory. 

307.  Thofe  who  have  opportunity  to  make 
observations,  and  choofe  to  fatisfy  themfelves  whe- 
ther the  Tides  are  really  affedled  in  the  above 
manner  by  the  different  pofitions  of  the  Moon, 
efpccially  as  to  the  unequal  times  of  their  returns, 
may  take  this  general  rule  for  knowing  when  they 
blight  to  be  fo  affedted.  When  the  Earth’s  Axis 
inclines  to  the  Moon,  the  northern  Tides,  if  not 
retarded  in  their  paflTage  through  Shoals  and  Chan- 
nels, nor  affedted  by  the  Winds,  ought  to  be 
greateft  when  the  Moon  is  above  the  Horizon,  leaft 
when  file  is  below  it ; and  quite  the  reverfe  when 
the  Earth’s  Axis  declines  from  her  : but  in  both 
cafes,  at  equal  intervals  of  time.  When  the 
Earth’s  Axis  inclines  fidewife  to  the  Moon,  both 
Tides  are  equally  high,  but  they  happen  atunequal 
intervals  of  time.  In  every  Lunation  the  Earth’s 
Axis  inclines  once  to  the  Moon,  once  from  her. 
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and  twice  fidewife  to  her,  as  it  does  to  the  Sun 
every  year;  becaufe  the  Moon  goes  round  the 
Ecliptic  every  Month,  and  the  Sun  but  once  in  a 
year.  In  Summer,  the  Earth’s  Axis  inclines  to- 
ward the  Moon  when  New;  and  therefore  the 
day-tides  in  the  north  ought  to  be  higheft,  and 
night-tides  lowed:,  about  the  Change:  at  the  Full 
the  reverfe.  At  the  Quarters  they  ought  to  be 
equally  high,  butunequal  in  their  returns ; becaufe 
theEarth’s  Axis  then  inclines  fidewile  to  the  Moon. 

In  Winter,  the  Phenomena  are  the  fame  at  Full- 
Moon  as  in  Summer  at  New.  In  Autumn,  the 
Earth’s  Axis  inclines  fidewife  to  the  Moon  when 
New  and  Full;  therefore  the  Tides  ought  to  be 
equally  high  and  unequal  in  their  returns  at  thefe 
times.  At  the  Firft  Quarter,  the  Tides  of  Flood 
fnould  be  lead:  when  the  Moon  is  above  the  Hori- 
zon, greateft  when  die  is  below  it;  and  the  reverfe 
at  her  third  Quarter.  In  Spring,  the  Phenomena 
of  the  Firft  Quarter  anfwer  to  thofe  of  the  Third 
Quarter  in  Autumn;  and  viceverfd.  The  nearer 
any  time  is  to  either  of  thefe  feafons,  the  more  the 
Tides  partake  of  the  Phenomena  of  thefe  feafons; 
and  in  the  middle  between  any  two  of  them  the 
Tides  are  at  a mean  ftate  between  thofe  of  both. 

308.  In  open  Seas,  the  Tides  rife  but  to  very  why  the 
frnall  heights  in  proportion  to  what  they  do  in 
wide-mouthed  rivers,  opening  in  the  Direction  of  Rner?.tham 
the  Stream  of  Fide.  For,  in  Channels  growinc 
narrower  gradually,  the  water  is  accumulated  by 

the  oppofition  of  the  contrading  Bank.  Like  a 
gentle  wind,  little  felton  an  open  plain,  but  ftrono- 
and  brifk  in  a ftreet;  efpecially  if  the  wider  end  ' 
o.  the  ftreet  be  ncx;t  the  plain,  and  in  the  way  of 
the  wind. 

309.  The  Tides  are  fo  retarded  in  their  paftage  TheTiJe. 
through  different  Shoals  and  Channels,  and  other- 

wife  fo  varioufly  affeded  by  ftriking  againft  Capes  oftleM^a 

and  Headlands,  that  to  different  places  they  hao- 

pen  at  all  diftances  of  the  Moon  from  the  Meridian  ; differtn" 

0.3  confe- 
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confequently  at  all  hours  of  the  lunar  clay.  The 
Tide  propagated  by  the  Moon  in  the  German 
Ocean,  when  fhe  is  three  hours  paft  the  Meridian, 
takes  12  hours  to  come  from  thence  to  London- 
bridge  i where  it  arrives  by  the  time  that  a new 
Tide  is  raifed  in  the  Ocean.  And  therefore  when 
the  Moon  has  north  declination,  and  we  Ihould 
expedl  the  Tide  at  London  to  be  greatefl:  when  the 
, Moon  is  above  the  Horizon,  we  find  it  is  leaftj 

and  the  contrary  when  fhe  has  fouth  declination. 
At  feveral  places  it  is  high-water  three  hours  be- 
fore the  Moon  comes  to  the  Meridian ; but  that 
Tide  which  the  Moon  pufhes  as  it  were  before 
her,  is  only  the  Tide  oppofite  to  that  which  was 
raifed  by  her  when  fhe  was  nine  hours  paft  the  op- 
pofite Meridian. 

' TheWater  310.  There  are  no  Tides  in  Lakes,  becaufe  they 

generally  fo  fmall,  that  when  the  Moon  is 
vertical  fhe  attrafts  every  part  of  them  alike,  and 
therefore  by  rendering  all  the  water  equally  light 
no  part  of  it  can  be  raifed  higher  than  another. 
The  Mediterranean  and  Baltic^e^%  have  very  fmall 
elevations,  becaufe  the  Inlets  by  which  they  com- 
municate with  the  Ocean  are  fo  narrow,  that  they 
cannot,  in  fo  fhort  a time,  receive  or  difeharge 
enough  to  raife  or  fink  their  furfaces  fenfibly. 

-TheMoon  311.  Air  being  lighter  than  Water,  and  the 
inlhe^A*!”  furface  of  the  Atmofphere  being  nearer  to  the 
Moon  than  the  furface  of  the  Sea,  it  cannot  be 
doubted  that  the  Moon  raifes  much  higher  Tides 
in  the  Air  than  in  the  Sea.  And  therefore  many 
have  wondered  why  the  Mercury  does  not  fink  in 
the  Barometer  when  the  Moon’s  adion  on  the 
particles  of  Air  tnakes  them  lighter  as  Ihe  pafles 
Why  the  over  ihb  Meridian.  But  we  muft  confidcr,  that 
orsarL'"  thefe  particles  are  rendered  lighter,  a greater 
rr.ettrianot  numbcr  of  them  is  accumulatcd,  until  the  defi- 
ciency  of  gravity  be  made  up  by  the  height  of  the 
column;  and  then  there  is  an  equilibriumy  and  con- 
fequently 
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fequently  an  equal  preflure  upon  the  Mercury 
as  before;  fo  that  it  cannot  be  afFcded  by  the 
aerial  Tides. 

CHAP.  XVIII. 

Of  Eclip/es:  Their  Number  and  Periods.  A large 
Catalogue  of  Ancient  and  Modern  Eclip/es. 


312.  l^VERY  Planet  and  Satellite  is  illumi-  a fhDdow, 
nated  by  the  Sun,  and  calls  a lhadow 
toward  that  point  of  the  Heavens  which  is  oppo- 
lice  to  the  Sun.  This  lhadow  is  nothing  but  a 
privation  of  light  in  the  fpace  hid  from  the  Sun 
by  the  opake  body  that  intercepts  his  rays. 

313.  When  the  Sun’s  light  is  fo  intercepted  by  Eci!pr«  of 
the  Moon,  that  to  any  piace  of  the  B arth  the  Sun 
appears  partly  or -wholly  covered,  he  is  faid  to  what.’ 
undergo  an  Eclipfe;  though,  properly  Ipeaking, 
it  is  only  an  Eclipfe  ofthat  part  of  the  B.arih  where 
the  Moon’s  lhadow  or  * Penumbra  falls.  When 
the  Earth  comes  between  the  Sun  and  Moon,  the 
Moon  falls  into  the  Earth’s  lhadow ; and  havincr 
no  light  of  her  own,  Ihe  lulFers  a real  Eclipfe  from 
the  interception  of  the  Sun’s  rays.  When  the  Sun 
is  eclipfed  to  us,  the  Moon’s  Inhabitants  on  the 
fide  next  the  b arth  (if  any  fuch  there  be)  fee  her 
lhadow  like  a darkfpot  travelling  over  the  Earth, 
about  twice  as  fall  as  its  equatorial  parts  move, 
and  the  fame  way  as  they  move.  When  the  Moon 
is  in  an  Eclipfe,  the  Sun  appears  eclipfed  to  her, 
total  to  all  thofe  parts  on  which  the  Earth’s  lhadow 
falls,  and  of  as  long  continuance  as  they  are  in  the 
lhadow.  ‘ 


314*  That  the  Earth  is  fpherical  (for  the  hills 
take  oE'no  more  from  the  roundnefs  of  the  Earth, 
than  grains  of  dull  do  from  the  roundnefs  of  a 


r * faint  kind  of  lhadow  all  around  th( 

perfeft  lhadow  of  th-  Planet  or  Satellite,  and  will  be  mori 
tully  explained  by  and  by. 


A proof  that 
the  Earth 
and  Moon 
are  globular 
bodies. 
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common  Globe)  is  evident  from  the  Figure  of  its 
lhadow  on  the  Moon;  which  is  always  bounded 
by  a circular  line,  although  the  Earth  is  inceffantly 
turning  its  different  fides  to  the  Moon,  and  very 
, feldom  fhews  the  fame  fide  to  herein  different 
Eclipfes,  becaufe  they  feldom  happen  at  the  fame 
hours.  Were  the  Earth  fhaped  like  a round  flat 
plate,  its  lhadow  would  only  be  circular  when 
either  of  its  fides  diredUy  faced  the  Moon;  and 
more  or  lefs  elliptical  as  the  Earth  happened  to  be 
turned  more  or  lefs  obliquely  toward  the  Moon 
when  fhe  is  eclipfed.  The  Moon’s  different  Phafcs 
prove  her  to  be  round,  § 254;  for,  as  fhe  keeps 
Hill  the  fame  fide  toward  the  Earih,  if  that  fide 
were  flat,  as  it  appears  to  be,  fhe  would  never  be 
vifible  from  the  I'hird  Quarter  to  the  Firft;  and 
from  the  Firft  Quarter  to  the  Third,  ftie  would  ap- 
pear as  round  as  when  we  fay  fhe  is  Full ; becaufe 
attheend  ofherFirftQuartertheSun’s  light  would 
come  as  fuddenly  on  all  her  fide  next  the  Earth,  as 
it  does  on  a flat  wall,  and  go  off  as  abruptly  at  the 
end  of  her  Third  Quarter. 

And  that  315,  If  the  Earth  and  Sun  were  equally  big, 
**er  Earth’s  fhadow  would  be  infinitely  extended, 
t^rntbe^*  and  all  of  the  fame  bulk;  and  the  Planet  Mars, 
thTM*"**  in  either  of  its  Nodes  and  oppofite  to  the  Sun, 
jnLhkf"  would  be  ccfipfed  in  the  Earth’s  fhadow.  Were 
the  Earth  bigger  than  the  Sun,  its  fhadow  would 
increafe  in  bulk  the  farther  it  extended,  and  would 
eclipfe  the  great  Planets,  Jupiter  and  Saturn,  with 
all  their  Moons,  when  they  were  oppofite  to  the 
Sun.  But  as  Mars  in  oppofuion  never  falls  into 
the  Earth’s  fhadow,  although  he  is  not  then  above 
42  millions  of  miles  from  the  Earth,  it  is  plain 
that  the  E-arth  is  much  lefs  than  the  Sun;  for 
otherwife  its  fhadow  could  not  end  in  a point  at 
fp  fmall  a diftance.  If  the  Sun  and  Moon  were 
equally  big,  the  Moon’s  fliadow  would  go  on  to 
the  Earth  with  an  equal  breadth,  and  cover  a por- 
tion of  the  Earth’s  lurface  more  than  2000  miles 

broad. 
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broad,  even  if  it  fell  dire6Uy  againft  the  Earth’s 
center,  as  feen  from  the  Moon  j and  much  more 
if  it  fell  obliquely  on  the  Earth:  but  the  Moon’s 
ihadow  is  feldom  150  miles  broad  at  the  Earth, 
unlefs  when  it  falls  very  obliquely  on  it  in  total 
Eclipfes  of  the  Sun.  In  annular  Eclipfes,  the 
Moon’s  real  fhadow  ends  in  a point  at  lome  dif- 
tancc  from  the  Earth.  The  Moon’s  fmall  diftance 
from  the  Earth,  and  the  Ihortnefs  of  her  fhadow, 
prove  her  to  be  Ids  than  the  Sun.  And  as  the 
Earth’s  fhadow  is  large  enough  to  cover  the 
Moon,  if  her  diameter  were  three  times  as  large  as 
it  is  (which  is  evident  from  her  long  continuance 
in  the  fhadow  whea  fhe  goes  through  its  center), 
it  is  plain  that  the  Earth  is  much  bigger  than  the 
Moon. 

316.  Though  all  opake  bodies  on  which  the 
Sun  fhines  have  their  fhadows,  yet  fuch  is  the 
bulk  of  thfe  Sun,  and  the  diflances  of  the  Planets, 
that  the  primary  Planets  can  never  eclipfe  one 
another.  A Primary  can  eclipfe  only  its  Secon- 
dary, or  be  eclipfed  by  it;  and  never  but  when  in 
oppofition  or  conjun6lion  with  the  Sun.  The  pri- 
mary Planets  are  very  feldom  in  thefe  pofitions, 
but  theSun  and  Moon  are  fo  every  month  : whence 
one  may  imagine  that  thefe  two  Luminaries  fliould 
be  eclipfed  every  month.  But  there  are  few 
Eclipfes  in  refpedt  of  the  number  of  New  and  Full 
Moons;  the  reafon  of  which  we  fhall  now  explain. 

317.  If  the  Moon’s  Orbit  were  coincident  with 
the  Plane  of  the  Ecliptic,  in  which  the  Earth  al- 
ways moves,  and  the  Sun  appears  to  move,  the 
Moon’s  fhadow  would  fall  upon  the  Earth  at  every 
Change,  and  eclipfe  the  Sun  to  fome  parts  of  the 
Earth.  In  like  manner  the  Moon  would  go 
through  the  Middle  of  the  Earth’s  fliadow,  and  be 
eclipfed  at  every  Full;  bur  with  this  difference, 
that  fhe  would  be  totally  darkened  for  above  an 
hour  and  an  half;  whereas  the  Sun  never  was  above 
four  minutes  totally  eclipled  by  the  *interpofition 
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Moon.  But  one  half  of  the  Moon’s  Orbit 
is  elevated  54.  degrees  above  the  Ecliptic,  and  the 
other  half  as  much  depreffed  below  it  : tonfe- 
quently,  the  Moon’s  Orbit  interleils  the  Ecliptic 
in  two  oppofite  points  called  the  Moon's  Nodes,  as 
has  been  already  taken  notice  of,  § 288.  When 
thefe  points  are  in  a right  line  with  the  center  of 
the  Sun  at  New  or  Full  Moon,  the  Sun,  Moon, 
and  Earth,  are  all  in  aright  line;  and  if  the  Moon 
be  then  New,  her  (hadow  falls  upon  the  Earth; 
if  Full,  the  Earth’s  fliadow  falls  upon  her.  When 
the  Sun  and  Moon  are  more  than  i 7 degrees  from 
iJmJoof  either  of  the  Nodes  at  the  time  of  Conjunflion, 
jjjj.  Moon  is  then  generally  too  high  or  too  low  in 
her  Orbit  to  caft  any  part  of  her  fbadow  upon  the 
Earth.  And  v/hen  the  Sun  is  more  than  J2  de- 
grees from  either  of  the  Nodes  at  the  time  of  Full 
Moon,  the  Moon  is  generally  too  high  or  too  low 
in  her  Orbit  to  go  through  any  part  of  the  Earth’s 
lhadow  ; and  in  both  thefe  cales  there  will  be  no 
Eclipfe.  But  when  the  Moon  is  lefs  than  17  de- 
grees from  eitherNode  at  the  time  of  Conjunftion, 
her  fliadow  or  Penumbra  falls  more  or  lefs  upon 
the  Earth,  as  flie  is  more  or  lefs  within  this 
limit*.  And  when  Ihe  is  lefs  than  1 2 degrees 
from  either  Node  at  the  time  of  Oppofition,  flie 
goes  through  a greater  or  lefs  portion  of  the  Earth’s 
lhadow  as  llie  is  more  or  Ids  within  this  limit. 
Her  Orbit  contains  360  degrees,  of  which  17,  the 
limit  of  folai  Eclipfes  on  either  fide  of  the  Nodes, 
and  12,  the  limit  of  lunar  Eclipfes,  ar^  but  fmall 
portions:  and  as  the  Sun  commonly  pafles  by  the 
Nodes  but  twice  in  a year,  it  is  no  wonder  that 

* This  admits  of  fonie  variation  : for,  in  apogeal  Eclipfes, 
the  folar  limit  is  but  i6j  degrees;  and  in  perigeaj  Eclipfes  it 

jj  jg>_ When  the  Full  Moon  is  in  her  Apogee,  the  >vill 

be  eclipfed  if  flie  be  within  io|  degrees  of  the  Node  ; and 
when  flie  is  full  in  her  Perigee,  flie  will  be  eclipfed  if  flie  be 
within  degrees  of  the  Node. 


we 
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we  have  fo  many  New  and  Full  Moons  without 
Eclipfes. 

To  illuftrate  this,  let  ABCB  be  the  Ecliptic^ 
RSTJJa  Circle  lying  in  the  fanne  Plane  with  the 
Ecliptic,  and  FfFXTtheMoons  OrMt,  all  thrown 
into  an  oblique  view,  which  gives  them  an  ellipti- 
cal fhape  to  the  eye.  One  half  of  the  Moon’s 
Orbit,  as  VWX,  is  ajways  below  the  Ecliptic,  and 
the  other  half  XTVaho^t  it.  The  points  V and 
X,  where  the  Moon’s  Orbit  interfe<5ts  the  Circle 
R STU,  which  lies  even  with  the  Ecliptic,  are  the 
Moon's  Nodes;  and  a right  line,  as  XEF,  drawn, 
from  one  to  the  other,  through  the  Earth’s  center, 
is  called  the  Line  of  the  Nodes,  which  is  carried  al- 
moft  parallel  to  itfelf  round  the  Sun  in  a year. 

If  the  Moon  moved  round  the  Earth  in  the  Or- 
bit RSTU,  which  is  coincident  with  the  Plane  of 
the  Ecliptic,  her  fhadow  would  fall  upon  the  Earth 
every  time  fhe  is  in  conjundlion  with  the  Sun,  and 
at  every  oppofition  fhe  would  go  through  the 
Earth’s  fhadow.  Were  this  the  cafe,  the  Sun 
would  be  eclipfed  at  every  Change,  and  the  Moon 
at  every  Full,  as  already  mentioned. 

But  although  the  Moon’s  fliadow  N mufl  fall 
upon  the  Earth  at  a,,  when  the  Earth  is  at  E,  and 
the  Moon  in  conjunftion  with  the  Sun  at  /,  becaufe 
Ihe  is  then  very  near  one  of  her  Nodes;  and  at 
her  oppofition  n fhe  muft  go  through  the  Earth’s 
fhadow  I,  becaufe  fhe  is  then  near  the  otherNode; 
yet,  in  the  time  that  fhe  goes  round  the  Earth  to 
her  next  Change,  according  to  the  order  of  rhe 
\tners  XTFfF,  the  Earth  advances  from  E to  e, 
according  to  the  order  of  the  letters  EFGH,  and 
the  line  of  the  Nodes  VEXht\ng  carried  nearly 
parallel  to  itfelf,  brings  the  point/ of  the  Moon’s 
Orbit  in  conjundion  with  the  Sun  at  that  next 
Change;  and  then  the  Moon  being  at f is  too 
high  above  the  Ecliptic  to  caft  her  fhadow  on  the 
Earth  : and  as  the  Earth  is  ftill  moving  forward, 
the  Moon  at  her  ne;tt  oppofition  will  be  at  too 

far 
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PLATE  X.  far  below  the  Ecliptic  to  go  through  any  part  cf 
the  Earth  s (hadow;  for  by  that  time  the  point  g 
will  be  at  a confiderable  diftance  from  the  Earth 
as  feen  from  the  Sun. 

When  the  Earth  comes  to  F,  the  Moon  in  con- 
jundion  withtheSun  Z is  not  zik,  in  aPlane  coin- 
cident with  the  Ecliptic,  but  above  it  at  T in  the 
higheft  part  of  her  Orbit : and  then  the  point  b of 
her  fhadow  O goes  far  above  the  Earth  (as  in 
Fig.  II.  which  is  an  edge  view  of  Fig.  I.).  The 
Fig.  I.  a»d  Moon  at  her  next  oppofition  is  not  at  o (Fig.  I.) 

but  at  IVy  where  the  Earth’s  fhadow  goes  far  above 
her  (as  in  Fig.  IL).  In  both  thefe  cafes  the  line  of 
the  Nodes  VFX{F\g.  I.)  is  about  ^odegreesfrom 
the  Sun,  and  both  Luminaries  are  as  far  as  poffiblc 
from  the  limits  of  Ecliofes. 

i 

When  the  Earth  has  gone  half  round  the  Eclip- 
tic from  E to  G,  the  line  of  the  Nodes  VGX  is 
nearly,  if  not  exadly,  dircdled  toward  the  Sun  at 
Z-,  and  then  the  New  Moon  / cafts  her  flaadow  P 
on  the  Earth  G j and  the  Full  Moon  p goes  through 
the  Earth’s  fhadow  L-,  which  brings  on  Eclipies 
again,  as  when  the  Earth  was  at  E. 

When  the  Earth  comes  to  H,  the  New  Moon 
falls  not  at in  a plane  coincident  with  the  Ecliptic 
GD,  but  at  W in  her  Orbit  below  it : and  then 
her  fhadow  ^ (fee  Fig.  11.)  goes  far  below  the 
E'-arth.  At  the  next  Full  fhe  is  not  at  q (Fig.  I.) 
but  at  T in  her  Orbit  5-i  degrees  above  q,  and  at 
her  greateft  height  above  the  Ecliptic  CD-,  being 
then  as  far  as  poffible,  at  any  oppofition,  from  the 
Earth’s  fhadow  M (as  in  Fig.  II.). 

So,  when  the  Earth  is  at  £ and  G,  the  Moon  is 
about  her  Nodes  at  New  and  Full;  and  in  her 
greateft  north  and  Jotith  Declination  (or  Latitude  as 
it  is  generally  called)  from  the  Ecliptic  at  her 
Quarters:  but  when  the  Earth  is  at  F or  H,  the 
Moon  is  in  her  greateft  north  and  fouth  Declination 
from  the  Ecliptic  at  New  and  Full,  and  in  the 
Nodes  about  her  Quarters. 
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^i8.  The  point  X where  the  Moon’s  Orbit 
croffes  the  Ecliptic  \s czWcd  the  JJcending Node,  be- 
caufetheMoon  afcends  from  it  above  theEdiptic: 
and  the  oppofite  point  of  interfeftion  ^is  called  the 
Befcending  Node,  becaufc  the  Moon  defcends  from 
it  below  theEdiptic.  When  the  Moon  is  at  Tin 
the  higheft  point  of  her  Orbit,  flie  is  in  her  great- 
eft  north  Latitude-,  and  v;hen  fhe  is  at  ^ in  the 
loweft  point  ot  her  Orbit,  flie  is  in  her  greateft 
fouih  Latitude. 

319.  If  the  line  of  the  Nodes,  like  the  Earth’s 
Axis,  were  carried  parallel  to  itlelf  round  the  Sun, 
there  would  be  juft  half  a year  between  the  con- 
jun6lions  of  the  Sun  and  Nodes.  But  the  Nodes 
Ihift  backward,  or  contrary  to  the  Earth’s  annual 
motion,  1 9^  degrees  every  year;  and  therefore  the 
fame  Node  comes  round  to  the  Sun  19  days  fooner 
every  year  than  on  the  year  before,  Confequently, 
from  the  time  that  the  afcending  Node  X (when 
the  Earth  is  at  E)  pafles  by  the  Sun  as  feen  from 
the  Earth,  it  is  only  173  days  (not  half  a year) 
till  the  defcending  Node  /^pafles  by  him.  There- 
fore, in  whatever  time  of  the  year  we  have  Eclipfes 
of  the  Luminaries  about  either  Node,  we  may  be 
fure  that  in  173  days  afterward  we  {hall  have 
Eclipfes  about  the  other  Node.  And  when  at  any 
time  of  the  year  the  line  of  the  Nodes  is  in  the 
fituation  VGX,  at  the  fame  time  next  year  it  will 
be  in  the  fituation  rGs-,  the  afcending  Node  hav- 
ing  gone  backward,  that  is,  contrary  to  the  order 
of  Signs,  from  X to  s,  and  the  defcending  Node 
from  V to  r;  each  19^  degrees.  At  this  rate  the 
Nodes  fhift  through  all  the  figns  and  degrees  of 
the  Ecliptic  in  18  years  and  225  days;  in  which’ 
time  there  would  always  be  a regular  period  of 
Eclipfes,  if  any  complete  number  of  Lunations 
were  finiftied  without  a fradion.  But  this  never 
happens;  for  if  both  the  Sun  and  Moon  fhould 
ftart  from  a line  ofconjundion  with  either  of  the 
Nodes  in  any  point  of  theEdiptic,  the  Sun  would 
^ perform 
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perform  i8  annual  revolutions  and  222  degrees 
over  and  above,  and  the  Moon  230  JLunations  and 
85  degrees  of  the  2310:,  by  the  time  the  Node 
carne  round  to  the  fame  point  of  the  Ecliptic 
again:  fo  that  the  Sun  would  then  be  138  degrees 
from  the  Node,  and  the  IVIoon  83  degrees  from  the 
Sun. 


A period  of 
£clip(es. 


320.  But,  in  223  mean  Lunations,  after  the 
Sun,  Moon,  and  Nodes  have  been  once  in  a line 
of  conjundion,  they  return  fo  nearly  to  the  fame 
date  again,  as  that  the  fame  Node,  which  was  in 
conjundion  with  the  Sun  and  Moon  at  the  begin- 
ning of  the  firft  of  thefe  Lunations,  will  be  within 
28'  12"  of  a degree  of  a line  of  conjundion  with 
the  Sun  and  Moon  again,  when  the  laft  of  thefe 
Lu  nations  is  completed.  And  therefore,  in  that 
time,  there  will  be  a regular  period  of  Eclipfes, 
or  return  of  the  fame  Eclipfe,  for  many  ages. — In 
this  period  (which  was  Hrft  difeovered  by  the 
Chaldeans)  there  are  18  Julian  years  ii  days  7 
hours  43  minutes  20  feconds,  when  the  laft  day 
of  February  in  Leap-years  is  four  times  included  : 
but  when  it  is  five  times  included,  the  period  con- 
fifts  of  only  18  years  10  days  7 hours  43  minutes 
20  feconds.  Confequently,  if  to  the  mean  time 
of  any  Eclipfe,  either  of  the  Sun  or  Moon,  you 
add  18  Julian  years  1 1 days  7 hours  43  minutes  20 
feconds,  when  the  laft  day  of  February  in  Leap- 
years  comes  in  four  times,  or  a day  lefs  when  it 
comes  in  five  times,  you  will  have  the  mean  time 
of  the  return  of  the  fame  Ecliple, 

But  the  falling  back  of  the  line  of  conjundions 
or  oppofitions  of  the  Sun  and  Moon  28'  12"  with 
refped  to  the  line  of  the  Nodes  in  every  period, 
■will  wear  it  out  in  procefs  of  time;  and  after  that, 
it  will  not  return  again  in  lefs  than  1 2492  years.— 
Thefe  Eclipfes  of  the  Sun,  which  happen  about 
the  Afcending  Node,  and  begin  to  come  in  at  the 
North  Pole  of  the  Earth,  will  go  a little  foutherly 
at  each  return,  till  they  go  quite  off  the  Earth  at 
3 the 
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the  South  Pole;  and  ihofe  which  happen  about 
the  Defcending  Node,  and  begin  to  come  in  at 
the  South  Pole  of  the  Earth,  will  go  a little  nor- 
therly at  each  return^  till  at  lall:  they  quite  leave 
the  Earth  at  the  north  Pole. 

To  exemplify  this  matter,  we  fhall  firfl:  confider 
the  Sun’s  Felipfe,  March 'i\?i  Old  Stile  (April  ifh 
New  Stile)  A.  D.  1764,  according  to  its  mean 
revolutions,  without  equating  the  times,  or  the 
Sun’s  diftance  from  the  Node;  and  then  according 
to  its  true  equated  times. 

This  Eclipfe  fell  in  the  open  fpace  at  each 
return,  quite  clear  of  the  Earth,  ever  fince  the 
creation  till  A.  1).  1295,  June  i^th  Old  Srile,  at 
12  h.  52  m.  59  fee  poji  meridiem^  when  the  Moon’s 
fhadow  fil'd  touched  the  Earth  at  the  North  Pole; 
the  Sun  being  then  17”  48' 27^'' from  the  Afcend- 
ing  Node.— In  each  period  fince  that  time,  the 
Sun  has  come  2.8'  12^'  nearer  and  nearer  the  fame 
Node,  and  the  Moon’s  fhadow  has  therefore  gone 
more  and  more  foutherly. — ^In  the  year  1962,  July 
1 8th  Old  Stile,  at  10  h.  36  m.  21  fee.  p.  m,  when 
the  fame  Eclipfe  will  have  returned  38  times,  the 
Sun  will  be  only  24'  45”  from  the  Afcending 
Node,  and  the  center  of  the  Moon’s  fiiadow  will 
fall  a little  northward  of  the  Earth’s  center. — An 
the  end  of  the  next  following  period,  A.  D.  1980 
July  .8th  Old  Srile,  at  18  h.  19  m.  41  fee.  p.  m. 
the  Sun  will  have  receded  back  3'  27"  from  the 
Afcending  Node,  and  the  Moon  will  have  a very 
fmall  degree  of  fouthern  Latitude,  which  will  caufe 
the  center  of  her  fiudow  to  pafs  a very  fmall  matter 
fouth  of  the  Earth’s  center. — After  which,  in 
every  following  period,  the  Sun  will  be  28'  12" 
farther  back  from  the  Afcending  Npde  than  in 
the  period  laft  before  j and  the  Moon’s  fhadow  will 
go  ftill  farther  and  farther  fouthward,  until  Sep- 
tember 1 2th  Old  Stile,  at  23  h.  46  m.  22  fee.  p.  m. 
A.  D.  2665;  when  the  Eclipfe  will  have  com- 
pleted its  77th  periodical  return,  and  will  go 

quite 
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quite  off  the  Earth  at  the  South  Pole  (the  Sun 
iDeing  then  17°  55'  no."  back  from  the  Node)  ; and 
it  cannot  come  in  at  the  North  Pole,  fo  as  to  be^in 
the  fame  Courfe  over  again,  in  lefs  than  12492 
years  afterward. — And  fuch  will  be  the  cafe  of 
every  other  Eclipfe  of  the  Sun:  for  as  there  is 
about  18  degrees  on  each  fide  of  the  Node  within 
which  there  is  a poffibility  of  Eclipfes,  their  whole 
revolution  goes  through  36  degrees  about  that 
Node,  which,  taken  from  360  degrees,  leaves  re- 
maining 324  degrees  for  the  Eclipfes  to  travel  in 
expanjiim.  And  as  this  36  degrees  is  not  gone 
through  in  lefs  than  77  periods,  which  takes  up 
1388  years,  the  remaining  324  degrees  cannot  be 
fo  gone  through  in  lefs  than  12492  years.  For, 
as  36  is  to  1388,  lo  is  324  to  1 2492. 

321.  In  order  to  (hew  both  the  mean  and  true 
times  of  the  returns  of  this  Eclipfe,  through  all  its 
periods,  together  with  the  mean  Anomalies  of  the 
Sun  and  Moon,  at  each  return,  and  the  mean  and 
true  diftances  of  the  Sun  from  the  Moon’s  Afcend- 
ing  Node,  and  the  Moon’s  true  Latitude  at  the 
true  time  of  each  New  Moon,  I have  calculated 
the  following  Tables  for  the  fake  of  thofe  who  may 
choofe  to  projeft  this  Eclipfe  at  any  of  its  returns, 
according  to  the  rules  laid  down  in  the  XVth 
Chapter;  and  have  by  that  means  taken  by  much 
the  greatelt  part  of  the  trouble  off  their  hands.— 
All  the  times  are  according  to  the  Old  Stile,  for  the 
fake  of  a regularity  which,  with  refpebt  to  the 
nominal  days  of  the  Months,  does  not  take  place 
in  the  New:  but  by  adding  thedays  difference  of 
Stile,  they  are  reduced  to  the  times  which  agree 
with  the  New  Stile, 

According  to  the  mean  (or  fuppofed  equable) 
motions  of  the  Sun,  Moon,  and  Nodes,  the  Moon’s 
(hadow  in  this  Eclipfe  would  have  firft  touched  the 
Earth  at  the  North  Pole,  on  the  13th  of  "Juney 
A.  D.  1295,  at  12  h.  52  m.  59  fee.  paft  noon  on 
the  Meridian  of  and  would  quite  leave  the' 

Earth 
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Earth  at  the  South  Poje,  on  the  12th  ofSepU^^ery  

A.  D.  2665,  at  23  h.  46  m.  22  fec.tpaft  Noon,"  at 
the  completion  of  its  77th  periods  as  fliewn  by 
the  firfl:  and  fecond  Tables.  • 

But,  ,on  account  of  the  true  (or  unequable)  mo- 
tions of  the  Sun,  Moon,  and  Nodes,  the  firfl: 
coming  in'of  this  Eclipfe,  at  the  N(irth  Pole  of  the 
Earth,  was  on  the  24th  of  June,  A.  D.  1313,  at 
3 h.  57  m.  3 fee.  paft  Noonj  and  it  will  finally 
leave  the  E.arth  at  the  South  Pole,  on  the  3ifl:  of 
July,  A.  D.  2593,  at  10  h.  25  m.  31  fee.  pafl: 

Noon,  at  the  completion  of  its  jid  periods'  as 
fhewn  by  the  third  and  fourth  Tables. — So  that 
the  true  motions  do  not  only  alter  the  true  times 
from  the  mean,  but  they  alfo  cut  off  five  periods 
from  thole  of  the  mean  returns  of  this  Eclipfe, 
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1 ABL£  I.  7ht  tnco.1t  T'ime  of  Ninxi  Moon,  nuith  the  tnean  Anotnalies  of  the 
Sun  and  Moon,  and  the  Sun's  mean  Diftance  from  the  Moon's  Afcending 
Node,  at  the  mean  Time  of  each  periodical  Return  of  the  Sun's  Eclip/e, 
March  Z\Jt,  1764,  from  its  firjl  coming  upon  the  Earth  f nee  the  Creation, 
till  it  falls  right  againjl  the  Earth's  center,  according  to  the  Old  Stile. 


Periodical 
Returns.  I 

Years  <5f 
Chrift. 

Mean  Time  of 
New  Moon. 

Sun’s  mean 
Anomaly. 

Moon’s  meant 
Anomaly. 

Sun’s  mean  Dift. 
from  the  Node. 

Month  D.  H. 

M. 

S’. 

s 

0 

/ 

It 

8 

0 

1 

// 

S 

0 

II 

0 

1277 

June 

2 

5 

9 

39 

1 1 

'7 

57 

4' 

1 

26 

31 

42 

0 

18 

16 

40 

I 

1295 

June 

13 

1 2 

52 

59 

1 1 

28 

27 

38 

I 

23 

40 

19 

0 

17 

48 

27 

2 

1313 

.1 

23 

20 

36 

•9 

0 

8 

57 

35 

I 

20 

48  56 

0 

17 

20 

'5 

3 

1331 

J"Jy 

5 

4 

19 

30 

0 

19 

27 

32 

I 

17 

57 

35 

0 

16 

52 

2 

4 

1349 

July 

15 

12 

2 

59 

0 

29 

57 

29 

I 

«S 

6 

10 

0 

16 

23 

50 

5 

1367 

July 

26 

19 

46 

'9 

I 

JO 

27 

26 

1 

1 2 

14 

47 

0 

15 

55 

37 

6 

'385 

Aug. 

6 

3 

29 

39 

I 

20 

57 

23 

I 

9 

23 

24 

0 

IS 

27 

25 

7 

1403 

Aug. 

17 

1 1 

1 2 

59 

2 

1 

27 

20 

1 

6 

32 

1 

0 

14 

59 

12 

8 

1421 

Aug. 

27 

18 

56 

'9 

2 

1 1 

57 

17 

1 

3 

40 

38 

0 

14 

3' 

0 

9 

‘439 

Sept. 

8 

2 

39 

39 

2 

22 

27 

H 

I 

0 

49 

IS 

0 

'4 

2 

47 

lO 

'457 

Sept. 

18 

10 

2 

59 

3 

2 

57 

1 1 

0 

27 

57 

52 

0 

13 

35 

1 1 

'475 

Sept. 

29 

18 

6 

19 

3 

13 

27 

8 

0 

25 

6 

29 

0 

13 

b 

22 

12 

'493 

oa. 

10 

I 

49 

39 

3 

23 

57 

5 

0 

22 

15 

6 

0 

12 

38 

10 

»3 

15“ 

oa. 

21 

9 

32 

59 

4 

4 

27 

2 

0 

19 

23 

43 

0 

12 

9 

57 

14 

1529 

ca. 

31 

17 

16 

19 

4 

14 

56 

59 

0 

16 

32 

20 

0 

1 1 

41 

45 

IS 

'547 

Nov. 

1 2 

0 

^9 

40 

4 

25 

26 

5<5 

0 

'3 

40 

57 

0 

1 1 

13 

32 

16 

‘565 

Nov. 

22 

8 

43 

0 

5 

5 

56 

53 

0 

10 

49 

34 

0 

10 

45 

20 

17 

'S«3 

Dec. 

3 

i6 

26 

20 

5 

16 

26 

0 

7 

58 

9 

0 

10 

17 

7 

18 

i6oi 

Dec. 

14 

0 

9 

40 

5 

26 

56 

47 

0 

5 

6 

48 

0 

9 

48 

55 

19 

1619 

Dec. 

25 

7 

53 

0 

6 

7 

26 

44 

0 

2 

IS 

25 

0 

9 

20 

42 

20 

1638 

Jan. 

4 

'5 

36 

2C 

6 

17 

56 

4' 

1 I 

29 

24 

2 

0 

8 

52 

30 

21 

1656 

Jan. 

15 

23 

19 

40 

6 

28 

26 

38 

1 1 

26 

32 

39 

0 

8 

24 

17 

22 

1673 

Jan. 

26 

7 

3 

0 

7 

8 

56 

35 

I 1 

23 

41 

14 

0 

7 

56 

5 

23 

1692 

Feb. 

6 

'4 

46 

20 

7 

19 

26 

32 

I I 

20 

49 

53 

0 

7 

27 

52 

24 

1710 

Feb. 

16 

22 

29 

40 

7 

29 

56 

29 

I I 

17 

58 

30 

0 

6 

59 

40 

25 

172B 

Feb. 

28 

6 

13 

0 

8 

10 

26 

26 

I I 

IS 

7 

7 

0 

6 

31 

27 

26 

'746 

Mar. 

10 

13 

56 

20 

8 

20 

56 

23 

I ! 

12 

15 

44 

0 

b 

3 

15 

27 

1763 

Mar. 

20 

21 

39 

40 

9 

I 

26 

20 

1 1 

9 

24 

21 

0 

5 

2 

28 

1782 

Apr. 

I 

5 

23 

C 

9 

1 1 

56 

17 

1 1 

6 

32 

58 

0 

5 

b 

S«i 

29 

i8co 

.Apr. 

1 1 

13 

6 

2C 

9 

22 

26 

'4 

1 1 

3 

4' 

35 

0 

4 

38 

37 

30 

1818 

Apr. 

22 

20 

49 

40 

10 

2 

56 

1 1 

1 1 

0 

5° 

12 

0 

4 

10 

25 

31 

1836 

May 

3 

4 

.3.3 

0 

to 

13 

2& 

8 

10 

27 

58 

49 

0 

3 

42 

12 

32 

‘854 

May 

14 

12 

16 

20 

10 

23 

56 

5 

to 

25 

7 

2b 

0 

3 

14 

0 

33 

1872 

May 

24 

'9 

59 

40 

1 1 

4 

26 

2 

10 

22 

16 

3 

0 

2 

45 

47 

34 

i8gc 

June 

5 

3 

43 

0 

; I 

14 

55 

59 

to 

19 

24 

40 

0 

2 

17 

3} 

35 

J908 

june 

15 

1 1 

2D 

20 

I 1 

25 

25 

56 

10 

16 

33 

17 

0 

1 

49 

22 

36 

IQ26 

June 

26 

'9 

9 

40 

0 

5 

55 

S3 

10 

'3 

41 

54 

0 

1 

21 

10 

37 

1944 

July 

/ 

2 

53 

0 

0 

lb 

25 

5° 

10 

10 

5° 

3' 

0 

0 

52 

57 

,3« 

1962 

July 

18 

10 

36 

2 I 

0 

26 

55 

47 

10 

7 

59 

8 

0 

0 

24 

45 
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f TABLE  II  The  mean  Time  0/  Nenv  Moon,  with  the  mean  Anomalies  of  thi 
Sun  and  Moon,  and  the  Sun’s  mean  Dijiance  from  the  Moon's  A/cendmg 
Node,  at  the  mean  Time  of  each  periodical  Return  of  the  Sun’s  Eclipfe 
M arch  2 \ft,  1 764,  frosn  the  meanTime  of  its falling  right  againf  the  Earth’s 
Center,  till  it  finally  leaves  the  Earth  according  to  the  Julian  or  Old  Stile 


73  ~P 


c o 

0. 

3 


39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

JL 


1980 

1998 

2016 


Mean  Time  of 
New  Moon. 


Month. D.H.M.S 


July 

Aug, 

Aug. 


2034  Aug 
Sept, 
Sept 

oa. 
oa. 
oa. 

Nov. 
Nov. 
Nov. 


2052 
2070 
2088 
2106 
2124 
2142 
2 I 60 
2178 


2 1 96  Dec. 
2214  De«. 


2232 
225  I 


2305 

2323 

2341 

2359 

2377 

2395 


Dec. 

Jan. 


28  18 

9 2 

19  9 

30  17 
10  I 
21  8 

1 16 
13  o 
23  8 

3 15 
13  23 
25  7 

5 H 

16  22 

27  6 


13 


23 

6 


2269  Jan. 
2287  Jan. 


2413  Apr. 


2431 

2449 

2467 

2485 


Feb. 

Feb. 

Mar. 

Mar. 

Mar. 

Apr. 


7 

17 

29 

8 


H 

21 

5 

»3 


3* 
1 6 

59 

43 

26 

9 

53 


Apr. 

May 

May 

May 


2503  June 
June 
2539  June 
2557  July 

2575  July 

2593  July 
261 1 Aug. 
2629  Aug. 
2647  Sept. 
2605|S9pt. 


19  2 1 
2 4 

13  12 
23  20 

4 3 

14  1 1 
25  19 

6 3 

17  10 
27  18 

8 2 

18  9 

29  17 
10  I 

21  9 

31  16 

12  O 

22  8 
2 16 

12  23 


‘3 


23 

6 

49  42 
33  2 
16  22 
59  42 
43  2 

26  22 
9 42 
53  2 

36  22 
19  42 

3 2 

46  22 


Sun’a  mean 

Moon’s  meai 

1 Sun’s  mean  Difl- 

Anomaly. 

Anomaly. 

frsm  the  Node. 

3.  s 0 • 

so'" 

so'" 

.11  7 25  4^ 

5 7 4f 

■11  29  56  33 

1 I 17  55  4' 

10  2 16  22 

1 1 1 29  28  20 

I I 28  25 

i 9 29  24  5c 

M 1 29  0 8 

12  8 36 

) 9 26  33  3( 

MI  28  31  55 

I 2 19  25  33 

9 23  42  13 

II  28  3 43 

1 2 29  55  32 

9 20  50  5c 

>11.27  35  30 

1 3 10  25  27 

9 >7  59  27 

II  27  7 18 

1 3 20  55  24 

9 15  8 4 

II  26  39  5 

1 4 1 25  21 

9 12  16  41 

II  26  10  53 

1 4115518 

9 9 25  18 

1 1 25  42  40 

1 4 22  25  15 

9 6 33  56 

II  25  14  28 

15  2 55  12 

9 3 42  33 

II  24  40  15 

I 5 13  25  9 

9 0 5 1 10 

1 1 24  18  3 

5 23  55  7 

8 27  59  47 

II  23  49  50 

1 6 4 25  4 

8 2J'  8 24 

11  23  21  38 

I 6 14  55  1 

8 22  17  1 

II  22  53  25 

6 25  24  58 

8 19  25  38 

II  22  15  13 

‘ 7 5 54  55 

8 16  31  15 

II  21  57  0 

7 16  24  52 

8 13  42  52 

II  21  28  48 

7 26  54  49 

8 10  51  29 

1121  035 

18  7 24  46 

8806 

II  20  32  23 

8 17  54  43 

8 5 8 43 

I I 20  4 10 

8 28  24  40 

8 2 17  20 

II  19  35  58 

■9  8 54  37 

7 29  25  57 

II  19  7 45 

. 9 19  24  34 

7 26  34  34 

II  18  39  33 

9 29  54  31 

7 23  43  II 

II  18  II  20 

10  10  24  28 

7 20  51  48 

II  17  43  8 

10  20  54  25 

7 18  p 25 

II  ‘7  14  54 

11  1 24  22 

7 IS  9 2| 

II  16  46  43 

11  11  54  19 

7 12  17  39I 

11  16  i8  31 

II  22  24  17 

7 9 26  161 

II  15  50  18 

0 2 54  14 

7 6 34  53 

II  15  22  6 

0 13  24  11 

7 3 43  3° 

II  14  53  54 

0 23  54  8 

7 0 52  7 

II  14  25  41 

1 4 24  5 

6 28  0 44 

II  13  57  28 

I 14  54  2 

6 25  9 21 

II  13  29  16 

‘ 25  23  59 

6 22  17  58 

II  13  0 3 

2 5 53  56 

6 19  26  35 

II  12  32  51 

2 16  23  53 

6 16  35  12 

II  12  438 
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TABLE  111.  The  true  Time  of  Nenu  Moon,  with  the  Sun's  true  Difance 
from  the  Moon's  Afcending  Node,  and  ih(  Moon's  true  Latitude,  at  the 
true  Time  of  each  periodical  Return  of  the  Sun's  Eclipfe,  March  z\Ji,  Old 
Stile,  A.  D.  1764,  from  the  Time  of  its  firji  coming  upon  the  Earth  fnce 
the  Creation  till  it  falls  right  againjt  the  Earth's  Center. 

PerioJica] 

Returns. 

C'  ^ 

' J n 
=r  K 

“t 

True  Time  of 
New  Moon. 

Sun’s  true  Dili, 
from  the  Node. 

Moon’s  true  Latitudje 
North. 

• c 

Month.  D.  H.  M. 

S 

s 

0 

/ 

// 

0 

1 

II 

North. 

0 

1295 

j une 

‘3 

21 

54 

32 

0 

18 

40 

54 

1 

33 

45 

N. 

A. 

I 

‘3  >3 

June 

24 

3 

57 

a 

0 

‘7 

20 

22 

I 

29 

34 

N. 

A. 

2 

*33' 

July 

5 

10 

42 

8 

0 

16 

29 

35 

1 

25 

20 

N. 

A. 

3 

‘349 

J“iy 

'5 

‘7 

‘4 

1 1 

0 

‘5 

34 

18 

1 

20 

45 

N. 

A. 

4 

1367 

July 

26 

23 

49 

2^1 

0 

H 

46 

8 

I 

16 

39 

N. 

A. 

5 

*385 

Aug. 

6 

6 

4' 

17 

0 

‘3 

59 

43 

2 

12 

43 

N. 

A. 

6 

'403 

Aug. 

‘7 

‘3 

32 

19 

0 

13 

16 

44 

I 

9 

3 

N. 

A. 

7 

142  1 

Aug. 

27 

20 

30 

‘7 

0 

1 2 

37 

4 

I 

5 

42 

N. 

A. 

8 

H39 

Sept. 

8 

3 

5' 

46 

0 

1 2 

I 

54 

1 

2 

4‘ 

N. 

A.9 

9 

‘457 

Sept. 

18 

1 0 

23 

1 1 

0 

1 1 

30 

27 

0 

58 

53 

N. 

10 

1475 

Sept. 

29 

*7 

57 

7 

0 

1 1 

3 

56 

0 

57 

43 

N. 

A. 

1 1 

'493 

oa. 

10 

1 

44 

3 

0 

10 

4‘ 

55 

0 

55 

49 

N. 

A. 

1 2 

IC't 

oa. 

21 

9 

29 

53 

0 

10 

25 

1 1 

0 

54 

28 

N. 

A. 

13 

1 q 2q  Off. 

3‘ 

'7 

9 

18 

0 

10 

1 1 

27 

0 

53 

12 

N. 

‘A. 

>4 

‘547 

Nov. 

1 2 

0 

5‘ 

25 

0 

10 

I 

10 

_o 

52 

'9 

N. 

A* 

15 

1565 

Kov. 

22 

8 

54 

5^ 

0 

9 

52 

49 

0 

5‘ 

46 

N. 

A. 

16 

1583 

Dec. 

3 

16 

48 

‘7 

0 

9 

DO 

4 

0 

5' 

1 1 

N. 

A. 

17 

1601 

Dec. 

H 

0 

51 

5 

0 

9 

43 

42 

0 

50 

49 

N. 

A. 

18 

1619 

Dec. 

25 

8 

54 

59 

0 

9 

40 

23 

0 

5° 

3i 

N. 

A. 

*9 

‘63' 

Jan. 

4 

16 

56 

1 

0 

9 

34 

57 

0 

50 

3 

N. 

A. 

20 

165c 

jan. 

16 

0 

54 

4‘ 

0 

9 

29 

24 

0 

49 

57 

N. 

A. 

21 

1674 

Jan. 

26 

8 

48 

24 

0 

9 

‘9 

44 

0 

48 

44 

N. 

A* 

22 

1692 

Feb. 

6 

16 

3^ 

28 

0 

9 

8 

58 

0 

47 

49 

N. 

A. 

23 

1710 

Feb. 

17 

0 

8 

37 

0 

8 

54 

20 

0 

46 

44 

N. 

A. 

24 

1728 

Feb. 

28 

7 

43 

4c 

0 

8 

34 

53 

0 

44 

52 

N. 

A. 

25 

‘746 

Mar. 

10 

15 

'4 

33 

0 

8 

10 

38 

0 

42 

46 

N. 

A. 

26 

1764 

Mar. 

20 

22 

30 

26 

0 

7 

42 

‘4 

0 

40 

18 

N. 

A. 

27 

1782 

Apr. 

i 

5 

37 

0 

7 

9 

27 

0 

37 

28 

N. 

A. 

28 

1800 

Apr. 

1 1 

12 

36  38 

0 

6 

35 

30 

0 

34 

31 

A, 

29 

1818 

Apr. 

22 

‘9 

27 

3^ 

0 

5 

5' 

48 

0 

30 

43 

N. 

A. 

3° 

1836 

May 

■ 3 

. 2 

12 

/ 

0 

5 

5 

5 

0 

26 

40 

N. 

A. 

3* 

.854 

May 

?4 

8 

50 

4c 

0 

4 

45 

0 

22 

42 

IN* 

A. 

A 

32 

33 

1872  May 
1890  June 

24 

4 

1; 

22 

28 

8 

15 

c 

0 

0 

3 

2 

26 

35 

3 

5 

0 

0 

18 

13 

i 

3+ 

IN  . 

N. 

Xj 

A. 

A 

34 

igoSlJune 
19261  j une 

'5 

26 

4 
1 1 

38 

'3 

23 

5 

0 

0 

I 

0 

4‘ 

47 

43 

38 

0 

0 

8 

4 

54 

10 

JN . 

N. 

A* 

A.^ 

On  account  of  the  differences  between  the  mean  and  true  iNew 
Moons,  and  between  the  Sun’s  mean  and  true  diftances  from  the 
Node,  the  Moon’s  fhadow  falls  even  with  the  Earth  s center  two  pe- 
riods fooner  in  this  Table  than  in  the  firft.  . J 
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TABLE  IV.  The  true  Thne  of  Ne=tv  Moon,  with  the  Sun’s  true  Difance 
from  the  Moon  s /Ifcending  Node  and  the  Moon’s  true  Latitude  at  each  perio- 
dical Return  of  the  Su7i' s Eclipfe,  March  z\Jl,  Old  Stile,  A.D.  \-]ba^,from 
its  falling  right  againft  the  Earth's  Center,  till  it  finally  leaves  the  Earth. 


Periodical 

Returns. 

Years  of 
Chrift. 

i rue  J i-ne  of 
New  Moon. 

sun’s  true  Dilt. 
from  the  Node. 

Moon  s 

true  Latitude 
Soudi. 

Month.  D.  H.  M 

.S. 

s 

0 

t 

n 

0 

i 

II 

South. 

36 

1944 

July 

6 

17 

50 

35 

1 1 

29 

55 

28 

0 

0 

24 

S. 

A. 

37 

1962 

July 

j8 

0 

31  38 

1 1 

29 

2 

35 

0 

5 

2 

S. 

A. 

38 

1980 

July 

28 

7 

18 

53 

1 1 

28 

1 1 

32 

0 

9 

29 

S • 

A • 

39 

1998 

Aug. 

8 

H 

1 2 

22 

[ I 

27 

26 

4' 

0 

13 

25 

b. 

A. 

40 

2016 

Aug. 

18 

21 

14 

53 

! I 

26 

42 

16 

0 

17 

18 

s. 

A. 

4> 

2033 

Aug. 

30 

4 

25 

45 

I 1 

26 

2 

0 

0 

20 

48 

s. 

A. 

42 

2052 

Sept. 

9 

1 1 

45 

'7 

I I 

25 

26 

46 

0 

.23 

53 

S. 

A. 

43 

2070 

Sept. 

20 

‘9 

17 

26 

I I 

24 

55 

4 

0 

26 

39 

s. 

A. 

44 

2088 

061. 

I 

2 

57 

8 

1 I 

24 

27 

43 

0 

28 

58* 

s. 

A. 

45 

2106 

oa. 

1 2 

10 

47 

39 

1 I 

24 

4 

38 

0 

31 

2 

s. 

A. 

46 

2 1 24 

oa. 

22 

18 

37 

40 

1 I 

23 

48 

28 

0 

32 

26 

s. 

A. 

47 

2142 

Nov. 

3 

2 

56  19 

I I 

23 

35 

I I 

0 

33 

53 

V S, 

A. 

48 

2160 

Nov. 

»3 

11 

1 1 

20 

I I 

23 

22 

22 

0 

34 

42 

s. 

A. 

49 

2178 

Nov. 

?4 

19 

36  H 

I I 

23 

18 

57 

0 

35 

0 

s. 

A. 

5° 

2Iq6 

Dec. 

5 

4 

•4 

9 

1 I 

23 

14 

40 

n 

35 

22 

s. 

A. 

51 

2214 

Dec. 

16 

12 

35  48 

I I 

23 

10 

43 

0 

35 

43 

s. 

A. 

52 

2232 

Dec. 

26 

20 

29 

9 

1 1 

23 

6 

4/ 

0 

3^1 

1 

s. 

A. 

33 

2231 

Jan. 

7 

5 

42 

9 

I I 

23 

4 

27 

0 

3^1 

16 

s. 

A. 

54 

2269 

Jan. 

17 

14 

14 

8 

I I 

23 

0 

41 

0 

36 

35 

s. 

A. 

55 

2287 

Jan. 

28 

22 

43 

34 

I I 

22 

53 

58 

0 

37 

10 

s. 

A. 

56 

2305 

Eeb. 

8 

7 

8 

30 

I I 

22 

44 

44 

0 

37 

59 

s. 

A. 

57 

2323. 

b'eb. 

19 

15 

7 

10 

1 I 

22 

31 

1 

0 

39 

8 

s. 

A. 

58 

2341 

Mar. 

2 

0 

6 

5 

1 i 

22 

17 

46 

0 

40 

28 

s. 

A. 

59 

2359 

Mar. 

13 

7 

59 

17 

1 1 

21 

55 

•29 

0 

42 

9 

s. 

A. 

60 

2377 

Mar. 

23 

15 

51 

59 

1 I 

21 

39 

40 

0 

43 

41 

s. 

A. 

61 

2395 

Apr. 

3 

23 

45 

7 

1 I 

2 1 

0 

S3 

0 

46 

58 

s. 

A. 

62 

24L3 

Apr. 

14 

7 

32 

40 

I I 

20 

26 

22 

0 

49 

48 

s. 

A. 

63 

2431 

Apr. 

25 

IS 

12 

37 

t I 

19 

47 

34 

0 

53 

17 

s. 

A. 

64 

2449 

May 

5 

22 

45 

'4 

1 I 

19 

6 

22 

0 

56 

SO 

s. 

A. 

65 

2467 

May 

’7 

6 

17 

30 

I 1 

18 

21 

16 

1 

0 

40 

' s. 

A. 

66 

2485 

May 

27 

13 

46  29 

1 I 

17 

34 

20 

i 

4 

42 

s. 

A. 

67 

2505 

June 

7 

21 

10 

3> 

I I 

16 

43 

17 

I 

9 

3 

s. 

A. 

68 

2521 

June 

18 

4 

24 

42 

I 1 

15 

SI 

48 

I 

‘3 

26 

s. 

A. 

69 

2539 

June 

29 

1 1 

58  46 

1 I 

15 

I 

i 2 

I 

17 

43 

s. 

A. 

70 

2557 

July 

9 

19 

24 

7 

I I 

H 

9 

13 

1 

22 

6 

s. 

A. 

7‘ 

2575 

J'lly 

121 

2 

52 

34 

1 I 

13 

19 

22 

I 

26 

16 

s. 

A. 

72 

2593 

July 

31 

10 

25 

3> 

I I 

1 2 

13 

43 

1 

31 

44 

s. 

A. 

0 

261 1 

Aug. 

1 1 

17 

58  39 

I I 

1 I 

45 

13 

I 

36 

I 3 8 • 

A. 

By  ihe  true  Motions  of  the  ijuti,  Moon,  and  Nodes,  this  Eclipic 
goes  ofF  rhe  Eai  th  four  Periods  fooner  than  it  would  have  done  by  mean 
I equable  Motions. 
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Fratn  Mr. 

Ci  Smith’® 
Di/T<rta'ion 
on  Ecll[>fe>, 
lirinted  at 
l^in/ton,  by 
E.  Cave, 
in  the  year 
1748. 


''To  illuftrate  this  a little  farther,  we  (hall  exa- 
" mine  fome  of  the  moll  remarkable  circumftances 
“ of  the  returns  of  the  Eclipfe  which  happened 
" July  14,  174S,  about  noon.  This  Eclipic,  after 
“ traverfing  the  voids  of  fpace  from  the  Creation, 
" at  lad  began  to  enter  the  T'erra  Aujlralis  Incog- 
''  nita^  about  88  years  after  the  Conqueft,  which 
‘'was  the  laft  of  King  Stephen’s  reign;  every 
Chaldean’’^  it  has  crept  more  northerly, 

“ but  was  ftill  vifible  in  Britain  before  the  year 
“ 1622;  when  on  the  30th  of  April  it  began  to 
“ touch  the  fouth  parts  of  England  about  2 in  the 
“afternoon:  its  central  appearance  rifing  in  the 
American  South  Seas,  and  traverfing  Peru  and 
“ z\\t  Amazon's  country,  through  the yf/Zn/zZ/V  ocean 
“ 'mio.Africa^  and'fetting  in  the  Ethiopian  cohti- 
“ nent,  not  far  from  the  beginning  of  the  Red  Sea. 

“ Its  next  vifible  period  was  after  three  Chaldean 
“ revolutions  in  1676,  on  the  firfl;  of  June^  rifing 
'‘  central  in  the  Atlantic  oce»n,  palTing  us  about 
“ 9 in  the  morning,  with  fourf  Digits  eclipfed  on 
“ the  under  limb;  and  fetting  in  the  gulph  of  Co- 
“ chinchina  in  the  Eafi  Indies. 

“It  being  now  near  the  Solllice,  this  Eclipfc 
“ was  vifible  the  very  next  return  in  1694,  in  the 
“evening;  and  in  two  periods  more,  which  was 
“ in  1730,  on  the  4th  of  JuJ,  was  feen  above  half 
“eclipfed  juft  after  Sun-rife,  and  obferved  both 
“ at  Wittemberg  in  Germany,  and  Pekin  in  China, 
“ foon  after  which  it  went  off. 

“ Eighteen  years  more  afforded  us  the  Eclipfe 
“ which  fell  on  the  14th  of  y«^^r748. 

“ The  next  vifible  return  will  happen  on  July 
25,  1766,  in  the  evening,  about  four  Digits 
“ eclipfed;  and  after  two  periods  more,  on  Augufi 


* The  above  period  of  18  years  11  days  7 hours  43  minutci 
20  feconds,  which  was  found  out  by  Chaldeans , and  by  them 
called  Saras. 

t A Digit  is  a twelfth  part  of  the  diameter  of  the  Sun  or 
Moon. 
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* i6th,  1802,  early  in  the  morning,  about  five 
‘ Digits,  the  center  coming  from  the  north  frozen 
^ continent,  by  the  capes  of  Npnway^  through 
‘ Tartary,  China,  and  Japan,  to  the  Ladrone 
‘ ifiands,  where  it  goes  ofF. 

“ Again,  in  1820,  Augujl  26,  betwixt  one  and 
‘ two,  there  will  be  another  greatEclipfe  2Lt  London, 

' about  10  Digits  -,  but  happening  fo  near  the 
' Equinox,  the  center  will  leave  every  part  of 
‘ Britain  to  the  Weft,  and  enter  Germany  ziEynh- 
' den,  pafllng  by  Venice,  Naples,  Grand  Cairo,  and 
‘ fet  in  the  gulph  of  Bajfora  near  that  city. 

“ It  will  be  no  more  vifible  till  1874,  when  five 
‘ Digits  will  be  obfcured  (the  center  being  now 
‘ about  to  leave  the  Earth)  on  September  28.  In 
‘ 1892  the  Sun' will  go  down  eclipfed  at  London, 

‘ and  again  in  1928  the  paflage  of  the  center  will 
‘ be  in  the  ex'panjum,  though  there  will  be  two 
‘ Digits  eclipfed  at  London,  October  the  31ft  of 
^ that  year;  and  about  the  year  2090  the  whole 
‘Penumbra  will  be  wore  off;  whence  no  more 
‘ returns  of  this  Ecli'pfe  can  happen  till  after  a re- 
‘ volution  of  10  thoufand  years. 

“ From  thefe  remarks  on  the  intire  revolution 
‘ of  this  Eclipfe,  we  may  gather,  that  a thoufand 

* years,  more  or  lefs  (for  ther^  are  fome  irregula- 
‘rities  that  may  protract  or  lengthen  this  period 

* 100  years),  complete  the  whole  terreftrial  Phe- 
‘ nomenaof  any  Angle  Eclipfe:-  and  fince  20  pe- 
‘ riods  of  54  years  each,  and  about  33  days,  com- 
‘ prehend  the  entire  extent  of  their  revolution,  it 
‘ is  evident  that  the  times  of  the  returns  will  pafs 
‘ through  a circuit  of  one  year  and  ten  months, 
‘ every  Chaldean  period  being  ten  or  eleven  days 
‘ later,  and  of  the  equable  appearances  about  32 
‘ or  33  days.  Thus,  though  this  Eclipfe  happens 
‘ about  the  middle  of  July,  no  other  fubfequent 
‘ Eclipfe  of  this  period  will  return  to  the  middle 
‘ of  the  fame  month  again  ; but  wear,  conftantly 
‘ each  period  10  or  1 1 days  forward ; and  at  laft 
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appear  in  Winter,  but  then  it  begins  to  ceafe 
“ from  affefting;  us. 

“ Another  conclufion  from  this  revolution  may 
“ be  drawn,  that  there  will  feldom  be  any  more 
“ than  two  great  Eclipfes  of  the  Sun  in  the  interval 
“ of  this  period,  and  thefe  follow  Ibmetimes  next 
‘‘  return,  and  often  at  greater  diftances.  That  of 
“1715  returned  again  in  1733  very  great;  but 
‘^this  prefent  Eel ipfe  will  not  be  great  till  the 
‘‘arrival  of  1820,  which  is  a revolution  of  four 
Chaldean  periods:  fo  that  the  irregularities  of 
“their  circuits  muft  undergo  new  computations 
“ to  alTign  them  txaftly. 

“ Nor  do  all  Eclipfes  come  in  at  the  fouth  Pole: 
that  depends  altogether  on  the  pofition  of  the 
“ lunar  Nodes,  which  will  bring  in  as  many  from 
ihz  expanfum  ont  way  as  the  other:  and  Inch 
“Eclipfes  will  wear  more  foutherly  by  degrees 
“ contrary  to  what  happens  in  the  prefent  cafe. 

“The  Eclipfe,  for  example,  of  1736,  m Sep- 
“ tembery  had  its  center  in  the  expanfum  and  fet 
“about  the  middle  of  its  obfeurity  in  Britain:  it 
“will  wear  in  at  the  North  Pole,  and  in  the  )ear 
“ 2600,  or  thereabout,  go  off  in  the  expanfum  on 
“ the  fouth  fide  of  the  Earth. 

“ The  Eclipfes  therefore  which  happened  about 
“ the  Creation  are  little  more  than  half  way  yet 
“ of  their  ethereal  circuit ; and  will  be  4000  years 
“ before  they  enter  the  Earth  any  more.  This 
“grand  revolution  feems  to  Itave  been  entirely  1 
“ unknown  to  the  ancients. 

322.  “It  isparticularly  to  be  noted,thatEclipfes 
“ which  have  happened  many  centuries  ago,  will  i 
“ not  be  found  by  our  prefent  Tables  to  agree  ex-  j 
“ adlly  with  ancient  obfervations,  by  realon  of  , • 
“ the  great  Anomalies  in  the  lunar  motions;  which 
“ appears  an  inconteftible  demonftration  of  the  , 
“ aon-eternity  of  the  Univerfe.  For  it  feems  con-  • 1 
“ firmed  by  undeniable  proofs,  that  the  Moon  now  ^ j 
“ finilhes  her  period  in  lefs  time  than  formerly,  . ; 
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and  will  continue  by  the  centripetal  law  to  ap- 
''  proach  nearer  and  nearer  the  F-arth,  and  to  go 
Iboncr  and  fooner  round  it:  nor  will  the  centri- 
“ fugal  power  be  fufficient  to  cooipenfiue  the  dif- 
ferent  gravitations  of  fuch  an  affcmblage  of  bo- 
*'dics  as  conftitute  the  folar  fylfem,  which  would 
“ come  to  ruin  of  itfelf,  without  forme  new  regula- 
**  tion  and  adjuftment  of  their  original  motions*. 

32^.  We  are  credibly  informed  from  the  tefti-  Thahs’s 
‘‘  mony  of  the  ancients,  lhat  there  was'  a total 
“ Eclipfe  of  the  Sun  predidted  by  Thales  to  hap- 
‘‘  pen  in  the  fourth  year  of  the  48th  f Olympiady 

either 

* There  are  two  ancient  Eclipfes  of  the  Moon,  recorded 
by  Ptolemy  from  Hipparchus^  which  afford  an  undeniable  proof 
of  the  Moon’s  acceleration.  The  firif  of defe  wasobferved  at 
Babylon,  December  the  2zd,  in  the  year  b-^nre  Christ  383; 
when  the  Moon  began  robeeclipfed  about  half  an  hour  before 
the  Sun  rofe,  and  the  Eclipfe  was  not  over  oefore  the  Moon 
fet : but  bv  moll  of  ocr  ARronomical  Tables,  the  Moon  was 
fet  3,1  Babylon  half  an  hour  before  the  Eclipfe  began  ; in  which 
cafe,  tnt-re  could  ha  ve  been  no  poffibility  of  ohferving  it.  The 
fecond  Ecbpfe  was  obferved  31  Alexandria,  September  the  2zd, 
the  year  before  Christ  201;  where  the  Mu-.jn  role  fo  much 
echpled,  hat  the  Eclipfe  mud  have  begun  about  half  an  hour 
before  Ihe  rofe : whereas,  by  molt  of  our  Tables,  the  begin- 
ning of  this  Eclipfe  was  not  till  about  ten  minutes  after  the 
Moon  rofe  at  Alexandria.  Had  thele  Eclipfes  begun  and 
ended  while  the  Sun  was  below  the  Horizon,  we  might  hijve 
imagined,  that  as  the  ancients  had  no  certa.n  way  of  meafur- 
ing  time,  they  might  have  been  fo  far  miftalcen  in  the  hours, 
that  we  couIj  not  have  laid  any  lire's  on  the  accounts  given  by 
them.  But,  as  in  the  firll  Eclipfe  the  Moon  was  fee,  and  con- 
fequently  the  Stin  rifen,  before  it  was  over;  and  in  the  fecond 
Eclipfe  the  Sun  was  fet,  and  the  Moon  not  rifen,  till  fometune 
after  it  began  : thefe  are  fuch  circumllances  as  the  obfervers 
could  not  poflibly  be  miftalcen  in.  Mr.  Struyk,  in  the  follow- 
ing Catalogue,  notwithllanding  the  expreC  words  of  Ptolemy 
purs  down  thele  two  Eclipfes  as  obferved  at  Athens-,  when! 
they  might  have  been  feen  as  above,  witboifc  any  acceleration 
of  the  Moon’s  motion  : Athens  being  20  degrees  Weft  of  Ba- 
bylon, and  7 degrees  Weft  of  Alexandria. 

t Each  Olympiad  began  at  the  time  of  Full  Moon  next  after 
the  Summer  Solltice,  and  lafted  four  years,  which  were  of  un- 
equal lengths,  becaufe  the  time  of  Full  Moon  differs  i i days 
^very  year;  fo  that  they  might  fometimes  begin  on  the  next 

day 
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either  at  Sardis  or  Miletus  \nJfta,  where  Thales 
“ then  refided.  That  year  correfponds  to  the 
585th  year  before  Chrift  ; when  accordingly 
there  happened  a very  fignal  eclipfe  of  the  Sun, 
“ on  the  aSth  of  May^  anfwering  to  the  prefenc 
loth  of  that  month*,  central  through  ISorth 
America,  the  South  parts  of  France,  Italy,  &c.  as 
“ far  as  Athens,  or  the  Ifles  in  the  Mgean  Seaj 
which  isthefartheft  that  even  theCWwe  Tables 
carry  it;  and  confequently  make  it  invifible  to 
any  part  of  Afia,  in  the  total  charader;  though 
I have  good  reafons  to  believe  that  it  extended 
to  Babylon,  and  wentdown  central  over  that  city. 
“We  are  not  however  to  imagine,  that  it  was  fet 

day  after  the  Solftice,  and  at  other  times  not  till  four  weeks 
after  it.  The  firft  Olympiad  began  in  the  year  of  the  Julian 
Period  3938,  which  w-as  776  years  before  the  firft  year  of 
Christ,  or  775  before  the  year  of  his  birth;  and  the  laft 
Olympiad,  which  was  tlie  293d,  began  A.  D.  393.  At  the 
expiration  of  each  Olympiad,  th**  Olympic  Games  were  cele- 
brated in  the  Elean  fields,  near  the  river  Alpbeus  in  the  Peloi 
fonnefus  (yo'M  Morea)  in  honour  of  Jupiter  Olympus.  See 
Strauchius’s  Bre’viariusn  Cbronologicuf/i,  p.  2/J7  — 251. 

* The  reader  may  probably  find  it  difficult  to  underftand 
why  Mr.  Smith  Ihould  reckon  this  Eclipfe  to  have  been  in  the 
4th  year  of  the  48th  Olympiad,  as  it  was  only  in  the  end  of  the  ' 
third  year:  and  alfo  why  the  28th  of  May,  in  the  585th  year 
before  Christ,  Ihould  anfwer  to  the  prefent  10th  of  that 
month.  But  we  hope  the  following  explanation  will  remove 
thefe  difficulties. 

The  month  of  May  (when  the  Sun  was  eclipfed)  in  the  585th 
year  before  the  firft  year  of  Christ,  which  was  a leap-year, 
fell  in  the  latter  end  of  the  third  year  of  the  48th  Olympiad-, 
and  the  fourth  year  of  that  Olympiad  began  at  the  Summer 
Solftice  following:'  but  perhaps  Mr.  S.mith  begins  the  year  of 
the  Olympiad  from  January,  in  order  to  make  them  correfpond 
more  readily  with  Julian  Years ; and  fo  reckons  the  month  of 
May,  when  the  Eclipfe  happened,  to  be  in  the  fourth  year  of 
that  Olympiad. 

The  Place  or  Longitude  of  the  Sun  at  that  time  was  y 29“ 
43'  17",  to  which  fame  place  the  Sun  returned  (after  2300 
years,  A.  D.  1716,  on  May  9**  5^6“  after  noon:  fo 

that,  with  refpedt  to  the  Sun’s  place,  the  9th  of  May  1716, 
anfwers  to  the  28th  of  May  in  the  585th  year  before  the  firft 
year  of  Christ  ; that  is,  the  Sun  had  the  fame  Longitude  on 
both  thofe  days. 


“ before 
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before  it  pafTed  Sardis  and  the  Afiatlc  towns, 
where  the  predi<flor  lived  ; becaufe  an  invifible 
“ Eclipfe  could  have  been  of  no  fervice  to  demon- 
“ ftrate  his  ability  in  Aftronomical  Sciences  to  his 
“ countrymen,as  it  could  give  no  proofoficsreality. 

324.  “ For  a further  illuftration  Thucydides  Thvct- 
“ relates  that  a folar  Ficlipfe  happened  on  a Sum-  EdTpre/ 
<‘mer’s  day  in  the  afternoon,  in  the  firft  year  of 

the  Peloponneftan  war,  fo  great,  that  the  Stars  ap- 
‘^peared.  Rhodius  was  viftor  in  the  Olympic 
games  the  fourth  year  of  the  faid  war,  being  alfo 
the  fourth  of  the  87  th  Olympiad^  -on  the  428  th 
year  before  Christ.  So  that  the  Eclipfe  mull 
“ have  happened  in  the  431ft  year  before  Christ  ; 
and  by  computation  it  appears,  that  on  the  3d 
of  Augufl  there  was  a fignal  Eclipfe  which  would 
“ have  paffed  ov tv  Athens y central  about  6 in  the 
‘^evening,  but  which  our  prefent  Tables  bring  no 
“ farther  than  the  ancient  Syrtes  on  the  African 
“ coaft,  above  400  miles  from  Athens  \ which 
‘‘  fuffering  in  that  cafe  but  9 Digits,  could  by  no 
means  exhibit  the  remarkable  darknefs  recited 
by  this  hiftorianj  the  center  therefore  Teems  to 
have  pafled  Athens  about  6 in  the  evening,  and 
“ probably  might  go  down  about  Jerufalemy  or 
near  it,  contrary  to  the  conftrudlion  of  the  pri- 
Tent  Tables.  I have  only  obviated  thefe  things 
by  way  of  caution  to  the  prefent  Aftronomers, 
inre-computingancientEclipfeSj  andreferthem 
“ to  examine  the  Eclipfe  of  NiciaSy  fo  fatal  to  the 
“ Athenian  fleet  that  which  overthrew  the  Ma~ 
cedonian  t\rn\y\y  &c”  So  far  Mr.  Smith. 

325.  In  any  year,  the  number  ofEclipfesof  both  Thenum- 

Luminaries  cannot  be  lefs  than  two,  nor  more  than 
fevenj  the  moft  ufual  number  is  four,  and  it  is 
very  rare  to  have  more  than  fix.  For  the  Sun 
paffcs  by  both  the  Nodes  but  once  a year,  unlefs 

* Before  Christ  413,  Auguji  27. 
t Before  Christ  1^8,  June  21. 
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he  paffes  by  one  of  them  in  the  beginning  of  the 
year ; and  if  he  does,  he  will  pal's  by  the  fame  Node 
again  a little  before  the  year  be  finifhed  ; becaufe 
as  thele  points  move  19]-  degrees  backward  every 
year,  the  Sun  will  come  to  either  of  them  17'j  days 
after  the  other,  § 319.  And  when  cither  Node  is 
within  17  degrees  of  the  Sun  at  the-ijme  of  New 
Moon,  the  Sun  will  be  eclipfed.  At  the  fubfe- 
quenC  oppofuion,  the  Moon  will  be  eclipfed  in  the 
other  Node;  and  come  round  to  the  next  conjunc- 
tion again  ere  the  former  Node  be  i~j  degrees  paft 
the  Sun,  and  will  therefore  eclipfc  him  again. 
When  three  Isclipfes  fall  about  either  Node,  the 
like  number  generally  falls  about  the  oppofite;  as 
the  Sun  comes  to  it  in  173  days  afterward;  and 
fix  Lunations  contain  but  four  days  more.  Thus 
there  may  be  two  Eclipfcs  of  the  Sun  and  one  of 
the  Moon  about  each  of  her  Nodes.  Butwhen  the 
Moon  changes  in  either  of  the  Nodes,  flie  cannot 
be  near  enough  the  other  Node  at  the  next  Full 
to  be  eclipled  ; and  in  fix  lunar  months  afterward 
fie  will  change  near  the  other  Node.:  in  thefe  cafes 
there  can  be  but  two  Eclipfes  in  a year,  and  they 
are  both  of  the  Sun. 

326.  A longer  period  than  the  above  mentioned, 
§ 320,  forcomparingandexamining  Eclipfes  which 
happened  at  long  intervals  of  lime,  is  557  years  21 
days  18  hours  30  minutes  ii  feconds,  in  which 
time  there  are  6890  mean  Lunations : and  the  Sun 
and  Node  meet  again  fo  nearly  as  to  be  but  1 1 fe- 
conds dif  ant;  but  then  it  is 'not  the  fame  Eclipfe 
that  returns,  as  in  the  fliorter  period  above  men- 
tioned. 

' 327.  We  fliall  fubjqin  a catalogue  of  Eclipfes 

recorded  in  hiEory,  from  721  years  before  Christ 
to  A.  D.  1485  ; of  computed  Eclipfes  from  1485 
to  1700;  and  of  all  the  Eclipfes  vilible  in  Europe 
from  1700  to  i8co.  From  the  beginning  of  the 
Catalogue  \.o  A.  D.  1485,  the  Eclipfes  are  taken 
from  Struyk-’s  Introduction  touniverfal  Geography ^ 
' as 
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as  that  indefatigable  author  has,  with  much  labour, 
colledted  them  from  Ptolemy,  Thucydides,  Plutarch, 
Calvijius,  Xenophon,  Diodorus  Siculus,  JuJliny  Poly- 
bius, -7  itus  Livius,  Cicero,  Liicdnus,  Theophanes,  Di- 
enCaJJius,  and  many  others.  From  1485  to  1700 the 
Eciipfes  are  taken  from  Ri c dolus’ s Almagejl:  and 
from  1700  to  1 800  from  L’ Art  de  verifier  les  Dates. 
I'hofe  from  Struyk  have  all  the  places  mentioned 
where  they  were  obferved:  Thofe  from  the  French 
authors,  viz.  the  religious  Benedidines  of  the  con- 
gregation of  St.Maur,  are  fitted  to  the  Meridian  of 
Paris:  And  concerning  thofe  from  Ricciolus,  that 
author  gives  the  following  account: 

Becaufe  it  is  of  great  ufe  for  fixing  the  Cycles 
or  Revolutions  of  Eciipfes,  to  have  at  hand,  with- 
out the  trouble  of  calculation,  a lift  of  fucceflive 
Eciipfes  for  many  years,  computed  by  authors  of 
Ephemerides,  although  from  Tables  not  perfedt  in 
all  refpedls,  I lhall,  for  the  benefit  of  Aftronomers, 
give  a fummary  colledlion  of  fuch.  The  authors  I 
extradt  from  are,  an  anonymous  one  who  publilhed 
Ephemerides  Com  1484  to  1506  inclufive:  Jacobus 
PtlaumenZi\d^Jo.Stafierinus,  to  theMeridian  oWlm, 
from  15.07  to  1534:  Lucas  Gaiiricus,  to  the  Lati- 
tude of  45  degrees,  from  i534  to  \ Peter 
Appian,  to  the  Meridian  of  Leyfing,  from  1538  to 
1578:  Jo.  Sto’flerus,  to  the  Meridian  of  Tubing, 
from  1543  to  1554:  Petrus  Pit atus,  to  the  Meri- 
dian of  Venice,  from  1544  to  1556:  Georgius  Joa- 
chimus  Rheticus,  for  the  year  1555;  Nicholas  Simus, 
to  the  Meridian  oi  Bologna,  from  1552  to  1568: 
Michael  Maftlin,  to  the  Meridian  of  Puhing,  from 
1557  to  1590:  Jo.  Stadias,  to  theMeridian  of 
Antwerp,  from  1 5 54  to  1 574:  Ja.  Antoninus  Man- 
nas, to  the  Meridian  of  Venice,  from  1581  to  16  ^o* 
David  Origan,  to  the  Meridian  ofFranckfort  on  the 
Oder,  from  1595  to  1664:  Andrew  Argol,  to  the 
Meridian  of  Rome,  from  1630  to  1700:  Francifeus 
Montebrunus,  to  the  Meridian  Bologna,  from  1 46 1 
to  1660:  Among  \s\\\ch, Stadias, M^filin,  zndMa- 

ginus. 
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glnus,  ufed  tht  Erutejiic  Tables  j Origin  the  Prute- 
nic  and  Tychonic  ■,  Montebrunus  the  Lanjbergian,  as 
likewife  thole  of  Durat.  Almoft  all  the  rdl’the 
Alphonfine, 

But  that  the  places  may  readily  be  known  for 
^which  thefc  Eclipfes  were  computed^  and  from  what 
Tables,  conlult  the  following  Lift,  in  which  the 
years  inclufive  are  alfo  fet  down* 

From  To 

1485  1506  The  place  and  author  unknown. 

*507  1553  Ulm  \n  Suabiayfromihc  Alphcnfine. 

^554  1576  Antwerp,  from  the  Prutenic. 

*577  1585  Puling,  from  the  Prutenic. 

1586  1594  Venice,  from  the  Prutenic. 

1 595  1600  Franckfort  on  the  Oder,  from  the  Pru- 
tenic. 

1601  1,640  Franckfort  on  the  Oder,  from  the  Ty- 
chonic. 

1641  1660  Bologna,  from  the  Lanjbergian. 

1661  Rome,  {xors\x.\i^  Tychonic d' 

So  far  Ricciolus* 

N.  B.  The  Eclipfes  marked  with  an  Afterilk  are 
not  in  RicclOLUs’s  Catalogue,  but  are  fupplied 
from  L'Art  de  verifier  les  Dates. 

From  the  beginning  of  the  Catalogue  to  A.  D. 
1700,  the  time  is  reckoned  from  the  noon  of  the 
day  mentioned  to  the  noon  of  the  following  day:  ■! 
but  from  1700  to  1800  the  time  is  fet  down  ac- 
cording to  our  common  way  of  reckoning.  Thofe 
marked  Pekin  and  Canton  are  Eclipfes  from  the 
Chineje  chronology  according  to  Struyk  j and  , 
throughout  the  Table  this  mark  Q fignifies  Sun,  ;;| 
and  this  D Moon.  | - 

, } 
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255 


bet. 

Chr. 


721 

72c 

7ZC 

62  j 
52s 

5° 

49 

43 

4‘5 

424 

4‘3 

406 

,)04 

403 

391 

383 

382 

382 

3^1 

357 


and  Moon  feen  at 


Babylon 

Babylon 

Babylon 

Babylon 

Babylon 

Babylon 

Babylon 

Athens 

Athens 

Athens 

Athens 

Athens 

Athens 

Pekin 

Gnide 

Athens 

Athens 

Athens 

Thebes 

Syracufe 


357  Zant 
340  Zant 


33« 

310 


219  Myfia 


Z18 

217 

203 

202 

201 

200 

200 

198 


Arbela 
Sicily  liland 


Pergamos 

Sardinia 

Frulini 

Cumis 

Athens 

Athens 

Athens 

Rome 


i9olRome 
Rome 
Athens 


188 

»74 


168  Macedonia 


14.1 

104. 

63 


Rhodes 
Rome 
Rome 
60  Gibraltar 
54'Canton 
5 I Rome 
48  Rome 
45lRome  < 
36  Rome 


1 

M.  & D. 

Middle 
H.  M 

Digits 

eclipfec 

D 

March  ic 

10 

34 

Total 

)) 

March 

8 

1 1 

5^ 

* 5 

P 

Sept. 

I 

10 

18 

S 4 

P 

April 

2 I 

18 

22 

2 3fc 

P 

July 

16 

12 

47 

7 24 

P 

Nov. 

19 

12 

21 

1 52 

P 

April 

25 

12 

12 

I 44 

Aug. 

3 

6 

35 

1 1 0 

p 

oa. 

9 

6 

45 

Total 

Q 

March 

20 

20 

17 

9 0 

P 

Aug. 

27 

10 

15 

Total 

P 

April 

8 

5° 

Total 

0 

Sept. 

2 

21 

1 2 

8 40 

0 

Aug. 

z8 

5 

53 

10  40 

0 

Aug. 

>3 

22 

^7 

1 1 0 

P 

Dec. 

22 

•9 

6 

2 1 

P 

June 

18 

8 

54 

6 15 

P 

Dec. 

12 

to 

2 1 

Total 

0 

July 

12 

23 

51 

6 10 

0 

Feb. 

28 

22 

3 33 

P 

Aug. 

29 

7 

29 

4 21 

0 

Sept. 

»4 

18 

9 0 

P 

Sept. 

20 

10 

9 

Total 

0 

Aug. 

«4 

20 

5 

10  22 

P 

March 

19 

5 

Total 

P 

Sept. 

1 

riling 

Total 

0 

Feb. 

1 1 

I 

57 

9 6 

0 

May 

6 

2 

52 

5 40 

0 

oa. 

18 

22 

24 

I 0 

P 

Sept. 

22 

7 

M 

8 38 

P 

March 

19 

'3 

9 

Total  . 

P 

Sept. 

1 1 

H 

48 

Total 

0 

Aug. 

6 

0 

Warch 

13 

18 

_ 

II  0 

0 

July 

)6 

20 

38 

10  48 

P 

April 

30 

H 

33 

7 1 

P 

June 

21 

8 

2 

Total 

P 

Jan. 

27 

10 

8 

3 26 

0 

July 

18 

22 

0 

II  52 

P 

Oft. 

27 

6 

22 

Total 

0 

March  16 

fetting 

Central 

0 

May 

9 

3 

41 

Total 

0 

Vlarch 

7 

2 

12 

9 

p 

Jan. 

18 

10 

0 

Total 

p 

Nov. 

6 

H 

— — 

Total 

0 

Via  V 

19 

3 

52 

6 47 
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Btf 

Cbr. 

Eclipfes  of  the  Sun 
and  Moon  feen  at 

M.  &:  D. 

Middle 
H.  M. 

Digit6 

eclipfed 

.3,' 

Rome 

0 

Aug. 

20 

letting 

G i.Ecl. 

29 

Canton 

0 

Jan. 

5 

4 

2 

1 1 0 

28 

Pekin 

0 

June 

1823 

48 

I’ota! 

26 

Canton 

0 

oa. 

23 

4 

lb 

11  15 

24 

Pekin 

0 

April 

7 

4 

1 1 

2 c 

16 

Pekin 

0 

Nov. 

I 

s 

13 

2 8 

2 

Canton 

0 

Feb. 

1 

20 

f 

1 1 42 

Aft. 

• 

Chr. 

I 

Pekin 

0 

June 

10 

I 

10 

“ 43 

5 

Rome 

0 

March  28 

4 

>3 

4 45 

H 

Panonia 

1) 

Sept. 

2' 

17 

Total 

27 

Canton 

0 

July 

22 

8 

56 

Total 

VO 

Canton 

0 

Nov. 

‘3 

'9 

20 

10  30 

Pekin 

0 

April 

30 

5 

50 

7 34 

45 

Rome 

0 

July 

3* 

22 

1 

5 17 

46 

Pekin 

0 

July 

21 

22 

25 

2 10 

46 

Rome 

D 

Dec. 

3‘ 

9 

52 

Total 

' 49 

Pekin 

0 

May 

20 

7 

16 

10  8 

53 

Canton 

March 

8 

20 

42 

1 1 6 

55 

Pekin 

0'july 

12 

21 

50 

6 40 

56 

Canton 

0^ec. 

25 

0 

28 

9 2C 

59 

Rome 

0, April 

30 

3 

8 

10  38 

60 

Canton 

0|Oa. 

‘3 

3 

3* 

10  3c 

65 

Canton 

0pec. 

‘5 

2 1 

5° 

10  23 

69 

Rome 

D 

oa. 

18 

10 

43 

10  49 

70 

Canton 

0 

Sept. 

22 

2 1 

‘3 

8 26 

7* 

Rome 

D 

March 

4 

8 

32 

6 0 

95 

Bphefus 

0 

May 

21 

I c 

125 

Alexandria 

1)  April 

5 

9 

16 

I 44 

‘33 

Alexandria 

D 

May 

6 

1 1 

44 

Total 

134 

Alexandria 

D 

oa. 

20 

1 1 

5 

10  19 

1 36 

Alexandria 

D 

March 

5 

‘5 

5<> 

5 ‘7 

237 

Bologna 

0 

April 

12 

Total 

238 

Rome 

0 

April 

I 

20 

20 

8 45 

290 

Carthage 

0|May 

>5 

3 

20 

II  20 

304 

Rome 

D lAug. 

3* 

9 

36 

Total 

3 16 

Conftantinople 

0'Dec. 

30 

‘9 

S3 

2 18 

334 

Toledo 

0!july 

‘7 

at  noon 

Central 

34^ 

Conftantinople 

0 oa. 

8 

‘9 

24 

8 0 

3O0 

Ifpahan 

0'Aug. 

27 

18 

0 

Central 

364 

Alexandria 

1>  |Nov. 

25 

‘5 

24 

Total 

401 

Rome 

D 

June 

1 1 

1 otal 

401 

Rome 

J)  IDec. 

6 

12 

‘5 

Total 

402 

Rome 

))  ^june 

I 

8 

43 

to  2 
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Aft. 

Chr. 

Ecliples  of  the  Sun 
and  Moon  feen  at 

M.  & D 

Middle 
H.  M 

Digits 

eclipfed 

402 

Rome 

% 

Nov. 

IC 

20 

33 

10  30 

447 

Compoftello 

m 

Dec. 

23 

0 

46 

I — 

45* 

jCompoftello 

D 

April 

I 

16 

34 

19  52 

45* 

CompoRello 

D 

Sept, 

26 

6 

30 

0 2 

458 

Chaves 

0 

May 

27 

23 

16 

18  53 

4OZ 

Compoftello 

P 

March 

I 

*3 

2 

II  11 

464 

Chaves 

July 

*9 

‘9 

I 

lo  15 

484 

Conftantinople 

0 

Jan. 

*3 

‘9 

53 

10  0 

486 

Conftantinople 

0 

May 

19 

I 

10 

5 *5 

497 

Conftantinople 

0 

April 

18 

6 

5 

*7  57 

5*2 

Conftantinople 

0 

June 

z8 

23 

8 

* 50 

538 

England 

0 

Feb. 

*4 

*9 

— 

8 23 

540 

London 

0 

June 

*9 

20 

15 

8 — 

577 

Tours 

P 

Dec. 

10 

*7 

28 

6 46 

58. 

Paris 

P 

April 

4 

‘3 

33 

6 42 

582 

Paris 

P 

Sept. 

*7 

1 2 

4* 

Total 

590 

Paris 

P 

Odl. 

18 

6 

30 

9 25 

592 

Conftantinople 

0 

March 

18 

22 

6 

10  0 

603 

Paris 

0 

Aug. 

12 

3 

3 

1 1 20 

622 

Conftantinople 

P 

Feb. 

1 

1 1 

28 

Total 

644 

Paris 

0 

Nov. 

5 

0 

30 

9 53 

680 

Paris 

P 

June 

*7 

12 

30 

Total 

683 

Paris 

P 

April 

16 

1 1 

30 

Total 

693 

Conftantinople 

0 

oa. 

4 

23 

54 

II  54 

716 

Conftantinople 

P 

Jan. 

13 

7 

Total 

718 

Conftantinople 

0 

June 

3 

I 

*5 

Total 

733 

England 

0 

Aug. 

*3 

20 

II  1 > 

734 

England 

P 

Jan. 

23 

*4 

— 

Total 

752 

England 

P 

July 

30 

*3 

— 

Total 

753 

England 

0 

June 

8 

22 

— 

‘o  35 

753 

England 

P 

Jan. 

23 

*3 

— ■ 

Total 

760 

England 

0 

Aug. 

*5 

4- 

— 

8 15 

760 

London 

P 

Aug. 

30 

5 

5° 

10  40 

764 

England 

0 

June 

4 

at  noon 

7 15 

770 

London 

P 

Feb. 

*4 

7 

12 

Total 

774 

Rome 

P 

Nov. 

22 

*4 

37 

1 1 58 

784 

London 

P 

Nov: 

I 

*4 

2 

Total 

787 

Conftantinople 

0 

Sept. 

*4 

20 

43 

9 47 

796 

Conftantinople 

P 

March 

27 

16 

22 

Total 

800 

Rome 

P 

Jan. 

IS 

9 

0 

10  17 

807 

Angoulefme 

0 

Feb. 

lO 

21 

24 

9 42 

807 

Paris 

P 

Feb. 

25 

*3 

43 

Total 

807 

Paris 

P 

Aug. 

21 

10 

20 

Total 

8oy 

Paris 

0 

■July 

15 

21 

33 

8 8 

809 

Paris 

P 

Dec. 

25 

8 

Total 

_8io 

Paris 

u 

P 

June 

20 

8 

— J 

Total 

S 
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Aft. 

Chr. 

Eclipfes  of  the  bun 
and  Moon  feen  at 

M.  & D. 

Middle 

H.  M. 

Digits, 

eclipfed 

8io 

Paris 

0 

Nov. 

30 

0 

12 

Total 

8io 

Paris 

I) 

Dec. 

H 

8 

Total 

812 

Conftantinople 

0 

May 

14 

2 

«3 

9 

813 

Cappadocia 

0 

May 

3 

«7 

5 

•o  35 

817 

Paris 

D 

Feb. 

5 

5 

42 

Total 

818 

Paris 

0 

July 

6 

18 

6 35 

820 

Paris 

]) 

Nov. 

23 

6 

26 

Total 

824 

Paris 

1) 

March  18 

7 

55 

Total 

828 

Paris 

)) 

June 

30 

Total 

828 

Paris 

1) 

Dec. 

24 

‘3 

45 

Total 

83* 

Paris 

5 

April 

30 

6 

«9 

II  8 

831 

Paris 

0 

May 

>5 

23 

4 24 

831 

Paris 

5 

oa. 

24 

1 1 

j8 

Total 

832 

Paris 

D 

April 

18 

9 

0 

Total 

840 

Paris 

0 

May 

4 

23 

22 

9 20 

841 

Paris 

0 

oa. 

>7 

18 

58 

5 24 

842 

Paris 

D 

March 

29 

H 

38 

Total 

843 

Paris 

D 

March 

19 

7 

1 

Total 

861 

Paris 

P 

March 

29 

15 

7 

Total 

878 

Paris 

P 

oa. 

H 

16 

Total 

878 

Paris  ! 

0 

oa. 

29 

1 

— 

II  1^ 

883 

Arrafla 

P 

July 

23 

7 

44 

1 1 — 

889 

Conltantinople 

0 

April 

3 

17 

52 

9 23 

891 

Conifancinople 

0 

Aug. 

7 

23 

48 

10  30 

got 

Arradla 

P 

Aug. 

2 

>5 

7 

Total 

904 

London 

P 

May 

3» 

1 1 

47 

'I'otal 

904 

T.ondon 

■P 

Nov. 

25 

9 

0 

Total 

_gi2 

London 

P 

Jan. 

6 

15 

12 

Total- 

926 

Paris 

P 

March 

3» 

15 

»7 

Total 

934 

Paris 

0 

April 

16 

4 

30 

II  36 

939 

Paris 

0 

July 

18 

*9 

45 

10  7 

955 

Paris 

P 

Sept. 

4 

1 1 

18 

Total 

g6i 

Rhemes 

0 

May 

16 

20 

n 

9 18 

970 

Conltantinople 

0 

May 

7 

18 

38 

1 1 22 

976 

London 

P 

July 

»3 

15 

7 

Total 

985 

Meffina  ’ 

0 

[uly 

20 

3 

52 

4 10 

989 

Conltantinople 

0 

May 

28 

6 

54 

8 40 

990 

Fulda 

P 

April 

12 

10 

22 

9 5 

99c 

Fulda 

P 

oa. 

6 

'5 

4 

I 10 

990 

Conltantinople 

0 

oa. 

21 

0 

45 

10  ' 5 

995 

Auelburgh 

P 

July 

>4 

1 1 

27 

Total 

1009 

Ferrara 

P 

oa. 

6 

1 1 

38 

Total 

1010 

Melfina  ’ 

P 

March 

18 

5 

4« 

9 12 

1016 

Nimeguen 

0 

Nov. 

16 

16 

39 

Total 

1017 

Nimeguen 

0 

oa. 

22 

2 

' 8 

6 — 

1020 

Cologne 

P 

Sept. 

A 

1 1 

38 

Total 
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Eclipfes  of  the  Sun 

M.  & 

D. 

Middle 

Digits 

Chr. 

and  Moon  feen  at 

hi. 

M 

eclipfed 

023 

London 

0 

Jan. 

23 

23 

29 

1 1 — 

030 

Rome 

P 

Feb. 

20 

1 1 

43 

Total 

03 1 

Paris 

P 

Feb. 

9 

1 1 

5‘. 

Total 

033 

Paris 

P 

Dec. 

8 

I I 

1 1 

9 >7 

034 

Milan 

P 

June 

4 

9 

8 

Total 

037 

Paris 

0 

April 

>7- 

20 

45 

10  45 

039 

Auxerre 

0 

Aug. 

21 

23 

40 

>>  5 

042 

Rome 

P 

Jan. 

8 

16 

39 

Total 

044 

Auxerre 

P 

Nov. 

7 

16 

12 

10  1 

044 

Cluny 

0 

Nov. 

21 

22 

12 

1 1 — 

036 

Nuremburg 

P 

April 

2 

12 

9 

Total 

063 

Rome 

P 

Nov. 

8 

12 

16 

Total 

074 

Augfburgh 

P 

oa. 

7 

10 

>3 

Total 

080 

Condantinople 

P 

Nov. 

29 

1 1 

12 

9 36 

082 

London 

P 

May 

>4 

10 

32 

to  2 

086 

Condantinople 

Feb. 

16 

4 

7 

Total 

089 

Naples 

P 

June 

25 

6 

6 

Total 

093 

Augfburgh 

0 

Sept. 

22 

22 

35 

10  12 

096 

Gembluors 

P 

Feb. 

10 

16 

4 

Total 

096 

Augfburgh 

P 

Aug. 

6 

8 

21 

Total 

098 

Augfburgh 

0 

Dec. 

25 

I 

25 

0 12 

099 

Naples 

P 

Nov. 

30 

4 

58 

Total 

103 

Rome 

P 

Sept. 

17 

10 

18 

Total 

106 

Erfurd 

P 

July 

>7 

1 1 

28 

II  54 

1 07 

Naples 

P 

Jan. 

10 

>3 

16 

Total 

109 

Erfurd 

0 

May 

3> 

I 

3P 

10  20 

1 10 

London 

P 

May 

10 

51 

Total 

>13 

Jerufalein 

0 

March  18 

>9 

0 

9 12 

114 

London 

P 

Aug. 

>7 

>S 

5 

Total 

>>7 

Triers 

P 

June 

>5 

>3 

26 

Total 

117 

Triers 

P 

Dec. 

10 

12 

5> 

Total 

120 

Naples 

P 

Nov. 

29 

>? 

46 

4 >> 

121 

Triers 

P 

Sept. 

27 

16 

87 

Total 

I2Z 

Prague 

P 

March 

24 

11 

20 

3 49 

124 

Erfurd 

P 

Feb. 

1 

6 

43 

8 39 

124 

London 

Q 

Aug. 

10 

23 

29 

9 58 

132 

Erfurd 

p 

March 

3 

8 

>4 

Total 

>33 

Prague 

p- 

Feb. 

20 

i6 

4> 

3 23 

>35 

London 

p 

Dec. 

22 

20 

1 1 

Total 

142 

Rome 

p 

Feb. 

11 

>4 

>7 

8 30 

>43 

Rome 

p. 

Feb. 

1 

6 

36 

Total 

>47 

Auranches 

0 

oa. 

25 

22 

38 

7 20 

149 

Bary 

p 

March 

25 

>3 

54 

5 29 

>S> 

Eimbeck 

p 

Aug. 

28 

12 

4 

4 29 

>>S3 

Augfburgh 

0 

Jan. 

26 

0 

42 

II  — 

Llil 

Paris 

p 

June 

26 

16 

I 

Total 

S 2 
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Aft. 

Chr. 

Eclipfes  of  the  Sun 
and  Moon  feen  at 

M.  & 

D. 

Middle 
H.  M. 

eclipXed 

1154 

Paris 

D 

Dec. 

21 

8 

30 

4 22 

i«S5 

Auranches 

D 

June 

16 

8 

4S 

0 53 

1 160 

Rome 

D 

Aug. 

18 

7 

53 

6 49 

1161 

Rome 

I) 

Aug. 

7 

8 

1 1 

Total 

1 162 

Erfurd 

5 

Feb. 

i 

6 

40 

5 56 

1162 

Erfurd 

D 

July 

27 

12 

30 

4 

1163 

Mont  Cafliii 

m 

July 

3 

7 

40 

2 0 

1164 

Milan 

D 

June 

6 

10 

0 

Total 

1168 

London 

D 

Sept. 

18 

0 

Total 

1 172; 

Cologne 

D 

Jan. 

II 

>3 

31 

Total 

1176 

Auranches 

D 

April 

25 

7 

2 

8 6 

.1176 

Auranches 

D 

oa. 

*9 

1 1 

20 

8 53 

1178 

Cologne 

D 

March 

5 

fetting 

7 52 

X 178 

Auranches 

D 

AiSg. 

29 

13 

52 

5 3» 

1x78 

Cologne  ' 

0 

Sept. 

12 

10  51 

1179 

Cologne 

5 

Aug. 

18 

14 

28 

Total 

1180 

Auranches 

0 

Jan.  . 

28 

4 

14 

‘O  34 

1181 

Auranches 

0 

JuJy 

13 

3 

>5 

3 48 

iX8l 

Auranches 

D 

Dec. 

22 

8 

58 

4 40 

1185 

Rhemes 

0 

May 

1 

I 

53 

9 0 

1186 

Cologne 

D 

April 

5 

6 

Total 

1186 

Franckfort 

0 

April 

20 

7 

>9 

4 ° 

1187 

Paris 

D 

March 

25 

16 

»7 

8 42 

1187 

England 

0 

Sept. 

3 

21 

54 

8 6 

1189 

England 

1) 

Feb. 

2 

10 

— 

9 — 

1191 

England 

0 

June 

23 

0 

20 

II  32 

1192 

France 

1) 

Nov. 

20 

14 

6 — 

France 

J> 

Nov. 

10 

5 

27 

Total 

1194 

London 

0 

April 

22 

2 

»5 

6 49 

1200 

London 

D 

Jan. 

2 

17 

2 

4 35 

1201 

London 

D 

June 

15 

4 

Total 

1204 

England 

D 

April 

>5 

12 

,39 

Total 

1204 

Saltlburg 

D 

oa. 

10 

6 

32 

Total 

1207 

Rhemes 

0 

Feb. 

27 

10 

50 

10  20 

1208 

Rhemes 

D 

Feb. 

2 

5 

10 

Total 

1211 

Vienna 

S 

Nov. 

21 

‘3 

57 

Total 

1215 

Cologne 

•i 

March  16 

15 

35 

Total 

1216 

Acre 

0 

Feb. 

18 

21 

>5 

II  36 

1216 

Acre 

J) 

March 

5 

9 

28 

7 4 

1218 

Damicttar 

D 

July 

9 

9 

46 

11  31 

1222 

Rome 

D 

oa. 

22 

H 

28 

Total 

1223 

Colmar 

D 

April 

16 

8 

»3 

II  0 

1228 

Naples 

0 

Dec. 

27 

9 

55 

9 >9 

1230 

Naples 

0 

May 

»7 

Total 

1230 

London 

» 

Nov. 

21 

13 

21 

9 34 

1232 

Rhemes 

0!O£1. 

_li 

4 

29 

4 25 

Struyk’s 


Of  EcUpfes. 


Struyk’s  Catalogue  of  ECLIPSES. 


Afl. 

Chr. 

Ecliples  of  the  Sun 
and  Moon  feen  at 

M.  & D. 

Middle 

H.  M. 

Digits 

eclijifed 

124c 

Rhemes 

0 

July 

24 

17 

47 

6 — 

124S 

London 

1) 

June 

7 

8 

49 

Total 

12CC 

London 

P 

July 

20 

9 

47 

Total 

1255 

Conftantinople 

0 

Dec. 

30 

2 

52 

Annul 

1258 

Augfburgh 

P 

May 

18 

ti 

*7 

Total 

1261 

Vienna 

0 

March 

3J 

22 

4<5 

9 8 

1262 

Vienna 

P 

March 

7 

■5 

50 

Total 

1262 

Vienna 

P 

Aug. 

30 

'4 

39 

'I'otal 

1263 

Vienna 

P 

Feb. 

24 

6 

52 

6 29 

1263 

Aufifljurgh 

0 

Aug. 

5 

3 

24 

II  17 

126^ 

Vienna 

P 

Aug. 

20 

7 

35 

9 7 

1265 

Vienna 

P 

Dec. 

23 

16 

25 

Total- 

1267 

Conftantinople 

0 

May 

24 

23 

1 1 

1 1 40 

1270 

Vienna 

0 

March 

22 

18 

47 

10  40 

1272 

Vienna 

P 

Aug. 

10 

7 

27 

8 53 

1274 

Vienna 

P 

Jan. 

23 

10 

39 

9 25 

1275 

Lauben 

P 

Dec. 

4 

6 

20 

4 29 

1276 

Vienna 

P 

Nov. 

22 

15 

— 

Total 

1277 

Vienna 

P 

May 

18 

Total 

1279 

Franckfort 

0 

April 

12 

6 

55 

10  6 

1280 

London 

p 

March  17 

12 

12 

Total 

1284 

Reggio 

p 

Dec. 

23 

16 

1 i 

9 13 

1290 

Wittemburg 

0 

Sept. 

5 

'9 

37 

10  30 

1291 

London 

P 

Feb. 

14 

lo 

z 

Total 

1302 

Conftantinople 

P 

Jan. 

H 

10 

25 

Total 

»3°7 

Ferrara 

0 

April 

2 

22 

18 

0 54 

1309 

London 

P 

Feb. 

24 

17 

44 

Total 

1309 

Lucca 

P 

Aug. 

21 

to 

32 

Total 

1310 

Wittemburg 

0 

Jan. 

3« 

2 

2 

10  IP 

1310 

Torcello 

P 

Feb. 

H 

4 

8 

10  20 

1310 

I'orcello 

P 

Aug. 

10 

15 

33 

7 16 

1312 

Wittemburg 

0 

July 

4 

19 

49 

3 23 

1312 

Plaifance 

P 

Dec. 

H 

7 

Total 

i3‘3 

Torcello 

P 

Dec. 

3 

8 

58 

9 34 

1316 

Modena 

P 

oa. 

I 

‘4 

55 

Total  > 

1321 

Wittemburg 

0 

June 

25 

18 

I 

1 1 17 

1323 

Florence 

P 

May 

20 

24 

Total 

1324 

Florence 

P 

May 

9 

6 

3 

Total 

1324 

Wittemburg 

0 

April 

23 

35 

8 8 

‘327 

Conftantinople^ 

P 

Aug. 

3* 

18 

26 

Total 

1328 

Conftantinople 

P 

Feb. 

25 

‘3 

47 

1 1 

'33° 

Florence 

P 

[une 

30 

>5 

10 

7 34 

1330 

Conftantinople 

0 

July 

16 

4 

5 

10  43 

'33° 

Prague 

P 

Dec. 

25 

*5 

49 

Total 

«33» 

Prague 

0 

Nov. 

29 

20 

26 

7 41 

1331 

Prague 

P 

Deer 

«4 

18 

1 1 — 

S 3 
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Ate. 

Chr. 

icliples  of  the  bun 
and  Moon  feen  at 

M.  & D. 

Middle 
H.  M. 

Digits 

eclipfed 

»333 

Wittemburg 

P 

Vlay  14 

3 — 

10  18 

1334 

Cefena 

D 

April  19 

10  33 

Total 

*341 

Conftantinople 

D 

Mov.  23 

12  23 

Total 

'341 

Conflantinople 

Dec.  8 

22  15 

6 30 

'342 

Conflantincple 

D 

May  20 

14-  27 

Total 

1344 

Alexandria 

Q 

061.  6,18  40 

8 55 

‘349 

Wittemburg 

D 

June 

12  20 

T otal 

‘354 

Wittemburg 

jf*«. 

•Sept.  16 

20  45 

8 43 

‘35^> 

Florence 

3 

Feb.  16 

‘ ‘ 43 

Total 

1361 

Conllantinople 

Q 

May  4 

22  1 5 

8 5,, 

1367 

Sienna 

)) 

Jan.  16 

8 27 

Total 

•3«9 

Eugibio 

D 

0 

< 

‘7  5 

Total 

1396 

Augtburgh 

© 

Jan.  11 

0 16 

6 22 

1396 

Augfburgh 

D 

June  21 

II  10 

Total 

'399 

Forli 

© 

061.  29 

0 43 

9 — 

1406 

Conflantinople 

D 

June  I 

‘3  — 

10  31 

1406 

Conflantinople 

© 

|une  ii; 

18  1 

II  38 

1408 

Forli 

© 

061.  1 8 

2‘  47 

9 32 

1407 

Conftantinople 

© 

April  15 

3 ‘ 

10  48 

1410 

Vienna 

1) 

March  20 

‘3  13 

Total 

1415 

Wittemburg 

© 

June  6 

^ 43 

Total 

1419 

Franckfort 

© 

March  23 

22  c 

‘ 45 

1421 

Forli 

D 

Feb.  17 

8 2 

Total 

1422 

Forli 

D 

Feb.  6 

8 26 

‘ ‘ 7 

1424 

Wittemburg 

© 

June  26 

3 57 

1 1 20 

'43' 

Forli 

© 

Feb.  12 

2 4 

‘ 39 

'433 

Wittemburg 

© 

June  17 

5 — 

Total 

‘438 

Wittemburg 

© 

Sept.  18 

20  59 

8 7 

1442 

Rome 

D 

Dec.  17 

3 59 

Total 

1448 

Tubing 

© 

Aug.  28 

22  23 

8 53 

1450 

Conftantinople 

5 

July  24 

7 ‘9 

Total 

‘457 

Vienna 

1) 

Sept.  3 

“ ‘7 

Total 

‘460 

Auftria 

D 

3 

7 3‘ 

5 23 

146  c 

Auftria 

© 

July  17 

‘7  32 

11  19 

1460 

Vienna 

5 

Dec.  27 

‘3  3° 

Total 

‘46' 

Vienna 

D 

June  22 

1 1 50 

Total 

1461 

Rome 

D 

Dec.  17 

Total 

14^^  2 

Viterbo 

D 

June  II 

'5  — 

7 38 

1462 

Viterbo 

© 

Nov.  21 

0 IC 

2 6 

1464 

Padua 

D 

April  21 

12  45 

Total 

‘465 

Rome 

© 

Sept.  20 

5 ‘5 

8 46 

1465 

Rome 

D 

oa.  4 

5 ‘2 

Total 

'469 

Rome 

D 

Jan.  27 

7 9 

Total 

‘485 

Nurimburg 

© 

March  16 

3 53 

1 1 — 

6 


All 


Of  Eclipfes. 

All  the  following  ECLIPSES  are  taken  from  Ric- 
rioTus  except  thofc  marked  with  an  Afterilk,  which 
are  from  L'ir/  de  verifier  les  Dates.  


Ml. 

Chr 

M.  & 

D. 

Middle 

H.  M. 

Digits 
eel  ip  fed 

1 486 

D 

Feb. 

18 

5 

4‘ 

Total 

i486 

March 

5 

‘7 

43 

9 0 

1487 

5 

Feb. 

7 

<5 

49 

Total 

1487 

0 

Tuly 

20 

2 

6 

7 0 

1488 

5 

Jan. 

28 

6 

— 

H88 

0 

July 

8 

‘7 

30 

4 0 

1489 

]) 

Dec. 

7 

‘7 

4‘ 

Total 

1490 

0 

May 

*9 

•Noon 

# 

1490 

]) 

June 

2 

10 

6 

'1  otal 

1490 

D 

Nov. 

26 

18 

25 

Total 

1491 

0 

March 

8 

2 

‘9 

9 

1491 

]) 

Nov. 

‘5 

18 

— 

# 

1492 

0 

April 

26 

7 

— 

* 

1492 

0 

oa. 

20 

23 

# 

H95 

I) 

April 

I 

‘4 

0 

Total 

H93 

0 

oa. 

10 

2 

40 

8 0 

1494 

0 

March 

7 

4 

12 

4 0 

1494 

D 

March  21 

‘4 

38 

Total 

1494 

D 

Sept. 

‘4 

‘9 

45 

Total 

'495 

D 

March  Jo 

16 

— 

# 

H9S 

Aug. 

‘9 

‘7 

— > 

# 

1496 

D 

Jan. 

29 

‘4 

— 

# 

H97 

D 

Jan. 

18 

6 

38 

Total 

1497 

0 

July 

29 

3 

2 

3 0 

‘499 

P 

June 

22 

17 

‘499 

Aug. 

23 

18 

— 

# 

‘499 

P 

Nov. 

‘7 

10 

— 

# 

1500 

0 

March  27 

In 

the 

Night 

1500 

D 

April 

1 1 

At 

Noon 

1500 

D 

oa. 

5 

‘4 

2 

10  0 

1501 

D 

May 

2 

‘7 

49 

Total 

1 502 

0 

Sept. 

30 

‘9 

45 

10  0 

1502 

D 

oa. 

‘5 

12 

20 

2 0 

‘503 

D 

March 

12 

9 

— 

# 

'503 

0 

Sept. 

22 

— 

# 

1504 

D 

Feb. 

29 

‘3 

36 

Total 

1504 

0 

March 

16 

3 

— 

♦ 

1505 

D 

Aug. 

‘4 

8 

18 

Total 

1506 

D 

Feb. 

7 

15 

# 

‘S°7 

0 

July 

20 

3 

1 1 

2 c 

1 506 

P 

Aug. 

3 

10 

— 

* 

‘507 

0 

Jan. 

12 

‘9 

— 

* 

1508 

0 

Jan. 

2 

_±. 

— 

S 


Alt. 

Chr. 

M.  & D. 

Middle 

H.  M. 

Digits 

eclipfed 

1 508 

0 

May 

29 

6 

— 

• 

1508 

J) 

June 

12 

‘7 

40 

Total 

1509 

P 

June 

2 

1 1 

1 1 

7 0 

1509 

0 

Nov. 

1 1 

22 

— 

* 

I c 10 

P 

oa. 

16 

‘9 

— 

* 

P 

oa. 

6 

1 1 

50 

Total 

1512 

P 

Sept. 

25 

3 

56 

Total 

‘5‘3 

0 

March 

7 

0 

30 

6 0 

‘5‘3 

0 

July 

30 

I 

•— 

# 

‘5‘5 

p 

Jan. 

29 

15 

18 

Total 

1516 

p 

Jan. 

‘9 

6 

0 

Total 

1516 

p 

July 

13 

1 1 

37 

Total 

1516 

0 

Dec. 

23 

3 

47 

3 «> 

1517 

0 

June 

18 

16 

— 

* 

1517 

p 

Nov. 

27 

‘9 

— 

# 

I qi8 

p 

May 

24 

1 1 

‘9 

9 

1518 

0 

J une 

7 

‘7 

1 1 0 

1519 

0 

May 

28 

1 

— 

# 

‘519 

0 

oa. 

23 

4 

33 

6 0 

1319 

P 

Nov. 

6 

6 

24 

Total 

1520 

P 

May 

2 

7 

# 

1520 

0 

oa. 

1 1 

5 

22 

3 

1520 

P 

oa. 

25 

‘9 

— 

•* 

1520 

P 

March  21 

‘7 

— 

# 

1521 

0 

April 

6 

‘9 

— 

# 

1521 

0 

Sept. 

30 

3 

— 

* 

1522 

P 

Sept. 

5 

12 

‘7 

Total 

‘523 

P 

March 

1 

8 

26 

Total 

‘523 

P 

Aug. 

25 

15 

Total 

‘524 

0 

Feb. 

4 

I 

— 

* 

1524 

P 

Aug. 

16 

16 

— 

# 

1525 

0 

Jan. 

23 

4 

— 

# 

1525 

P 

July 

4 

10 

10 

Total 

1525 

P 

Ded. 

29 

10 

46 

Total 

1526 

P 

Dec. 

18 

10 

30 

Total 

1527 

0 

Jan. 

2 

3 

— 

# 

1527 

P 

Dec. 

7 

10 

# 

1528 

0 

May 

‘7 

20 

— 

1529 

P 

oa. 

16 

20 

23 

“ 55 

‘530 

0 

March  28 

18 

23 

8 4 

‘530 

P 

oa. 

6 

12 

1 1 

Total 

‘53‘ 

P 

April 

I 

7 

— 

* 

1332 

0 

|Aug. 

30 

0 

40 

3 

4 


Ricciolus’s 
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Aft. 

Chr. 

M.  & D. 

Middle 
H.  M. 

Digits 

eclipfed 

Aft. 

Chr. 

M.  & D. 

Middle 
K.  M 

Digits 

eclipfed 

IS33 

Aug. 

4 

1 1 

5° 

Total 

>556 

0!Nov. 

, 

18 

0 

9 41 

1533 

Aug. 

>9 

>7 

— 

# 

1556 

P 

jNov. 

16 

12 

44 

6 55 

>534 

% 

Jan. 

>4 

I 

42 

5 45 

>557 

0 

Oft. 

2C 

20 

« 

>534 

I) 

Jan. 

29 

>4 

25 

Total 

>558 

P 

April 

2 

1 1 

0 

0 CO 

>535 

0 

June 

3° 

Noon 

* 

>558 

0 

April 

18 

I 

• 

>535 

i 

J»iy 

>1 

8 

— 

« 

>559 

P 

April 

16 

4 

5° 

Total 

>535 

0 

Dec. 

24 

2 

— 

# 

1560 

P 

March 

1 I 

15 

40 

4 1 2 

>536 

0 

June 

18 

2 

2 

8 0 

1560 

0 

Aug. 

21 

I 

0 

0 2? 

>53^5 

7) 

Nov. 

27 

b 

21 

10  15 

1560 

P 

Sept. 

3 

7 

# 

>537 

T> 

May 

24 

8 

3 

Total 

156) 

0 

Feb. 

>3 

20 

, 

* 

>53' 

0 

June 

7 

8 

— 

* 

j s6a 

0 

Feb. 

3 

c 



# 

>537 

D 

iNov. 

16 

>4 

56 

Total 

1562 

P 

July 

IS 

15 

5° 

Total 

>53« 

D 

May 

>3 

>4 

24 

3 ° 

1,63 

0 

Jan. 

22 

19 

# 

>538 

D 

Nov. 

t 

3 

3' 

3 37 

1563 

June 

2C 

4 

5° 

8 38 

>539 

0 

April 

8 

4 

33 

9 0 

1563 

P 

July 

5 

8 

4 

>i  34 

>54° 

0 

April 

6 

‘7 

IS 

'I'otal 

I t:6c 

March 

S3 

>54> 

]) 

March 

1 1 

16 

34 

Total 

1565 

P 

May 

/ 

M 

16 

# 

1541 

0 

Aug. 

21 

0 

56 

3 

>565 

P 

Nov. 

7 

12 

46 

1 1 46 

1542 

5 

M arch 

1 

8 

46 

I 38 

1566 

P 

Oft. 

28 

s 

38 

Total 

>542 

0 

Aug. 

IC 

'7 

— 

# 

1567 

0 

April 

8 

23 

4 

6 34 

>543 

D 

July 

>5 

16 

— 

# 

>5^7 

P 

Oft. 

17 

'3 

43 

2 40 

>544 

D 

Jan. 

9 

18 

>3 

I'otal 

I s68 

0 

March  28 

5 

* 

>544 

Jan. 

23 

21 

lb 

11  i; 

1569 

P 

March 

2 

15 

18 

Total 

>544 

D 

July 

4 

8 

3> 

Total 

137° 

P 

Feb. 

20 

5 

46 

Total 

•544 

I) 

Dec. 

28 

18 

27 

Total 

>57° 

P 

Aug. 

>5 

9 

>7 

Total 

>545 

0 

June 

8 

20 

48 

3 45 

>57> 

0 

Jan. 

25 

4 

* 

>545 

D 

S"’ 

18 

— 

* 

1572 

0 

Jan. 

>4 

>9 

— 

* 

15,6 

0 

May 

3° 

5 

— 

« 

1572 

P 

June 

25 

9 

0 

S 26 

1546 

0 

Nov, 

22 

23 

— 

>573 

0 

June 

28 

18 

* 

'547 

P 

May 

4 

10 

27 

8 0 

>573 

0 

Nov. 

24 

4 

_ 

* 

>547 

D 

Od. 

28 

4 

56 

>1  34 

>573 

P 

Dec. 

8 

6 

51 

Total 

>547 

0 

Nov. 

1 2 

2 

9 

9 3° 

>574 

0 

Nov. 

>3 

3 

'5° 

5 21 

1548 

0 

April 

8 

3 

— 

>575 

0 

May 

>9 

8 

6 

1548 

P 

April 

22 

1 1 

24 

Total 

>575 

0 

Nov. 

2 

5 



* 

>549 

P 

April 

1 1 

>5 

>9 

2 0 

1576 

P 

Oft. 

7 

9 

45 

>549 

P 

Oft. 

6 

6 

— 

* 

>577 

P 

April 

2 

8 

33 

Total 

>55° 

0 

March 

16 

20 

— 

* 

>577 

P 

Sept. 

26 

>3 

4 

Total 

>55' 

P 

Feb. 

20 

8 

21 

Total 

>578 

P 

Sept. 

15 

>3 

4 

2 20 

1551 

Aug. 

3> 

2 

0 

I 52 

>579 

0 

Feb. 

>5 

5 

41 

8 36 

>553 

0 

Jan. 

12 

22 

54 

I 22 

‘579 

0 

Aug. 

20 

>9 

0 

• 

>553 

0 

July 

10 

7 

— 

* 

1580 

P 

Jan. 

3> 

10 

7 

Total 

>553 

p 

July 

24 

i6 

0 

° 3> 

1581 

P 

Jan. 

>9 

9 

22 

Total 

'554 

0 

June 

29 

6 

, 

• 

1581 

P 

July 

>5 

'7 

5> 

Total 

>554 

p 

Dec. 

8 

>3 

7 

to  12 

1582 

P 

Jan. 

8 

10 

29 

° 53 

>555 

p 

June 

4 

■5 

0 

Total 

1582 

0 

June 

9 

>7 

5 

7 5 

0 

Nov. 

1 2 

>9 

— 

• 

>583 

P 

Nov. 

28 

21 

51 

Total 
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Aft. 

Chr. 

M.  & D. 

MidOle 

M.  H 

igiis 

eclipfed 

Ate. 

Chr. 

M.  & D. 

Middle 

H.  M. 

Digits  j 
eclipl'eii 

1584 

0 

May 

9 

18 

20 

3 36 

1601 

D 

June 

'S 

6 18 

4 52 

1584 

]) 

Nov. 

'7 

'4 

15 

Total 

i6o» 

0 

June 

29 

China 

4 29 

1585 

0 

April 

29 

7 

53 

" 7 

i6oi 

D 

Dec. 

9 

7 6 

10  53 

1585 

D 

May 

13 

5 

9 

6 54 

1601 

0 

Dec. 

24 

2 46 

9 52 

158b 

D 

Sept. 

27 

8 

# 

1602 

0 

May 

2 1 

Green  1. 

2 41 

1586 

Odt. 

1 2 

Noon 

# 

1602 

P 

June 

4 

7 18 

Total 

1587 

D 

Sept. 

i6 

9 

28 

10  2 

1602 

0 

June 

'9 

N.Gra. 

5 43 

1588 

Feb. 

26 

I 

23 

I 3 

1602 

0 

Nov. 

'3 

Mdgel. 

3 — 

1588 

5 

March  12 

'4 

'4 

Total 

1602 

P 

Nov. 

28 

10  2 

Total 

1588 

]) 

Sept. 

4 

‘7 

30 

I’oial 

1603 

0 

May 

10 

China 

11  21 

1589 

0 

Aug. 

10 

8 

— 

* — — 

1603 

P 

May 

24 

II  41 

7 59 

1589 

D 

Aug. 

25 

8 

1 

3 45, 

1603 

0 

Nov. 

3 

Rom. I. 

II  17 

1590 

0 

Feb. 

4 

5 

— 

1603 

P 

Nov. 

18 

7 3' 

3 26 

1590 

D 

July 

lb 

'7 

4 

3 54 

1604 

0 

April 

20 

Arabia 

9 32 

1590 

0 

July 

30 

19 

57 

10  27 

1604 

0 

oa. 

22 

Peru 

6 49 

1591 

D 

Jan. 

9 

6 

21 

9 40 

1605 

P 

April 

3 

9 19 

11  49 

1591 

5 

6 

5 

8 

Total  1 

1605 

0 

April 

18 

Madag 

5 31 

1591 

0 

July 

20 

4 

2 

I o' 

1605 

P 

Sept, 

27 

4 27 

9 26 

1591 

D 

Dec. 

29 

16 

1 1 

Total  i 

1605 

0 

oa. 

12 

2 32 

9 24 

1592 

}) 

June 

24 

10 

13 

8 58, 

1606 

0 

March 

8 

Mexico 

6 0 

1592 

D 

Dec. 

18 

7 

24 

5 54 

[606 

P 

March 

24 

II  17 

Total 

«593 

'Vi'* 

May 

30 

2 

30 

2 38 

160b 

0 

Sept. 

2 

Magel 

6 40 

'594 

0 

May 

'9 

'4 

58 

10  23 

1606 

0 

Sept. 

2 

Magel. 

6 40 

'594 

5 

oa. 

2 

'9 

'5 

9 40 

1606 

P 

Sept. 

16 

15  6 

Total 

'595 

0 

April 

9 

Ter.  de 

Fuego 

1607 

0 

Feb. 

25 

21  48 

I '3 

•595 

]) 

April 

24 

4 

12 

Total 

1607 

P 

March 

'3 

6 36 

I 22 

'595 

0 

May 

7 

22 

— 

* 

1607 

0 

Sept. 

5 

15  40 

4 7 

'595 

0 

oa. 

3 

2 

4 

5 '8 

1608 

0 

Feb. 

15 

at  the 

Antipo 

'595 

]) 

oa. 

18 

20 

47 

Total 

160B 

P 

J^iy 

27 

0 30 

' 53 

1596 

0 

March  28 

In 

Chili 

1 608 

0 

Aug. 

9 

4 39 

0 40 

'59b 

D 

April 

12 

8 

52 

6 ^ 

1609 

P 

Jan. 

'9 

15  21 

10  32 

1596 

0 

Sept. 

2 1 

In 

China 

609 

0 

Feb. 

4 

F uego 

5 22 

1596 

]) 

oa. 

6 

21 

15 

3 33 

'609 

J 

J'^'y 

16 

1 2 8 

i'otal 

'597 

0 

March  16 

St  Pet. 

Ifle 

1609 

0 

j"iy 

30 

Canada 

4 10 

'597 

sept. 

1 1 

Picora 

9 49 

1609 

0 

Dec. 

2b 

19  — 

5 50 

1598 

D 

Feb. 

20 

18 

12 

10  55 

161C 

P 

Jan. 

9 

' 3' 

Total 

1598 

0 

March 

6 

22 

12 

11  57 

I1610 

0 

June 

20 

lava 

10  46 

1598 

}) 

Aug. 

16 

j 

'5 

Total 

;i6io 

P 

J"iy 

5 

16  58 

11  13 

'598 

0 

Aug. 

3' 

Magel, 

8 34 

161c 

0 

Dec. 

15 

Cyprus 

4 5° 

'599 

D 

Feb. 

IC 

18 

21 

Total 

1610 

P 

Dec. 

29 

16  47 

4 23 

'599 

0 

July 

22 

4 

3' 

8 18 

161 1 

0 

J une 

10 

Califor 

1 i 20 

'599 

]) 

Aug. 

6 

Total 

i6i2 

P 

May 

'4 

'O  3^ 

7 22 

iboo 

Jan. 

'5 

Java. 

1 1 48 

1612 

0 

May 

29 

23  38 

7 ' ' 

1600 

3) 

Ian* 

30 

6 

4c 

2 38 

ibi  i 

P 

Nov. 

8 

3 22 

0 60 

1600 

0 

luly 

10 

2 

10 

5 39 

ibi2 

0 

Nov. 

22 

Magel. 

0 0 

1601 

0 

Jan. 

4 

htblop 

9 40 

l'6i; 

April 

20 

Magel 

la  ica 
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Aft. 

Chr. 

' 

M.  & 

D. 

Mioclle 

H.  M. 

Digits 

eclipfcd 

. 

Aft. 

Chr. 

M.  &c  D. 

iVl  iod  le 
H.  M. 

Digit 

eclijife 

1613 

May 

4 

0 35 

Total 

1625 

0 

March 

8 

Florida 

1613 

May 

‘9 

Eafl 

Tartary 

1625 

P 

March 

23 

14  11 

2 I I 

1613 

Q 

oa. 

13 

South 

Amer. 

1625 

0 

Sept. 

I 

St.  Pe 

ter’slflc 

1613 

D 

oa. 

28 

4 19 

I'otal 

1 625 

P 

Sept. 

16 

I 1 41 

5 6 

1614 

0 

^pril 

8 

N 'Gui. 

8 44 

1 626 

0 

Feb. 

25 

Madag. 

8 27 

1614 

5 

April 

23 

17  36 

5 25 

1626 

P 

Aug. 

7 

7 48 

0 25 

1614 

© 

oa. 

3 

0 57 

5 ^'i 

1626 

0 

Aug. 

21 

In 

Mexico 

1614 

P 

oa. 

17 

4 3^ 

4 56 

1627 

P 

Jan. 

30 

1 1 38 

10  2 1 

1615 

© 

M arch 

29 

Goa 

10  38 

1627 

0 

Feb. 

»5 

Magel 

lanica 

1615 

© 

Sept. 

22 

Sal  om 

Ille 

1627 

P 

July 

27 

9 4 

Total 

1615 

P 

March 

3 

I 58 

Total 

1627 

0 

Aug. 

1 1 

Tenduc 

1 0 0 

1616 

March 

>7 

Mexico 

6 47 

I1628 

0 

Jan. 

6 

Tenduc 

5 40 

1616 

p 

Aug. 

26 

'5  33 

Total 

1628 

p 

Jan. 

20 

lo  1 1 

Total 

1616 

p 

Sept. 

10 

Magel. 

•0  33 

1628 

July 

I 

CGood 

Hope 

1617 

0 

Feb. 

5 

Magei 

lanica 

1 628 

p 

July 

16 

1 1 26 

Total 

1617 

p 

Feb. 

20 

I 49 

Total 

162S 

Dec. 

25 

In  Eng  land 

1617 

0 

March 

6 

22  — 

1629 

P 

Jan. 

9 

I 36 

4 27 

1617 

0 

Aug. 

1 

Biarmia 

* 

1629 

0 

June 

1 1 

Gange 

1 I 25 

161 

p 

Aug. 

16 

8 22 

Total 

1629 

0 

Dec. 

14 

Peru 

10  14 

1618 

0 

Jan. 

26 

Magel 

lanica 

163c 

P 

May 

25 

17  56 

6 0 

1618 

p 

Feb. 

9 

3 29 

2 57 

1630 

0 

June 

1C 

7 47 

9 8 

1618 

0 

July 

21 

Mexico 

1630 

P 

Nov. 

»9 

1 1 24 

9 27 

1619 

0 

Jan. 

15 

Califor 

nia 

1630 

0 

Dec. 

3 

N.Gui. 

10  10 

1619 

p 

June 

26 

12  40 

5 10 

1631 

0 

April 

30 

Antar. 

Circle 

1619 

0 

July 

1 1 

Africa 

II,  39 

1631 

P 

May 

15 

8 15 

Total 

1619 

p 

Dec. 

20 

'5  53 

10  47 

1631 

0 

joa. 

24 

CGood 

Hope 

1620 

0 

May 

3* 

Araic 

Circle 

1631 

P 

Nov. 

8 

12  0 

Total 

i6zo 

p 

June 

H 

13  47 

Total 

1632 

0 

April 

»9 

CGood 

Hope 

1620 

0 

June 

29 

Magel. 

7 20 

1632 

P 

May 

4 

I 24 

6 35 

1620 

p 

Dec. 

9 

6 39 

Total 

1632 

0 

oa. 

13 

Mexico 

8 37 

1620 

0 

Dec. 

23 

Magel 

lanica 

1632 

P 

oa. 

17 

12  23 

5 3' 

1621 

0 

May 

20 

‘4  54 

10  44 

1633 

0 

April 

8 

5 M 

4 30 

162 1 

p 

June 

3 

19  42 

9 53 

1633 

"0 

oa. 

3 

Maldiv. 

Total 

1621 

0 

Nov. 

13 

Magel 

lanica 

‘^>34 

P 

March 

>4 

9 35 

11  18 

1621 

p 

Nov. 

28 

’5  43 

3 28 

*634 

c 

March  28 

Japan 

10  19 

1622 

0 

May 

10 

C.Ver 

11  52 

'^>34 

p 

Sept. 

7 

5 c 

Total 

1622 

0 

Nov. 

2 

Malac 

ca  In. 

1634 

0 

Sept. 

22 

C G . H . 

9 54 

1623 

p 

April 

14 

7 19 

10  54 

*635 

0 

Feb. 

«7 

Antar. 

Circle 

1623 

0 

April 

29 

*635 

p 

March 

3 

9 26 

1 otal 

1623 

p 

oa. 

8 

0 22 

8 35 

1635 

0 

March  18 

Mexico 

0 16 

1623 

0 

oa. 

23 

Califor 

10  46 

*635 

0 

Aug. 

I 2 

Iceland. 

5 ? 

1624 

0 

May 

i8 

N.Zem. 

6 0 

1635 

P 

Aug, 

27 

16  4 

Total 

1624 

p 

April 

3 

7 9 

Total 

1636 

0 

Feb. 

6 

In 

Peru 

1624 

0 

April 

17 

Antar. 

Circle 

1636 

P 

beb. 

20 

34 

3 23 

1624 

0 

Sept. 

12 

Magel 

lanica 

1636 

0 

Aug. 

1 

Farlary 

1 1 20 

1624 

p 

Sept. 

26 

8 55 

Total 

1636 

P 

Aug. 

16 

4 34 

I 25 

Ricciolus's 


Of  Edip/es. 

Ricciolus’s  Catalogue  of  ECLIPSES. 


267 


Aft. 

Chr. 


1637 
1637 

1637 

1638  0 Jan. 


D 


M.  & D. 


Jan. 
O July 


26 
2 1 

31 
14 

June  25 


Dec. 


1638 

16380  July  II 
1638 

1638 

1639 
1639 
1639 
1639 

1639 

1640 
1 640  0 


Middle 

H.  M. 


Digits 

eclipfed 


Aft. 

Chr. 


5 
20 

4 
1 

>5 

24 

9 

20 

13 

25 

9 
18 

0 Nov.  2 
March  30 


Cam- 
fucutan 

0 44 
Perfia 

20  17 

C Mag 
\ ellan 
15  16 

Tartary 

5 29 
2 41 
Magel. 

n 57 
N.Spa. 
Peru 

1 2 

Peru 
8 19 

18  46 

Eflotl. 
April  14  14  31 


boya 

10  45 

9 45 
Total 

9 5 

2 10 

Total 
o 30 

10  40 
ri  9 

I I o 
46 

30 

36 

49 
16 

31 


Sept.  25 
Oil.  7 
March  19 
April  3 
Sept.  12 
Sept.  27 
0 March  8 
16440  Aug.  3‘ 
1)  Feb.  10 
Feb. 

Au  g. 
Aug. 


3 

10 

lO 

9 

10 

6 


M.  & D. 


n . rv 


1649 

1649 

1650 
1650 
1650 

1650 

165 1 

165 1 

1652 
1652 
1652 

1652 

1653 
>653 


0 

D 

0 

5 

0 

D 

m 


4 o 

'lotal 
Magel  lanica 

16  45  Total 

>3  53 

21 

17 

7 

6 

18 

7 


JO 

o 

38 

20 

10 

45 


1653 


F 


2 
o 

Str.  of 
18  11 


6 

6 

12 

9 

o 

'3 

o 

‘3 
>9 
2 1 

'5 


57 

2 

10 

43 

9 

38 

55 

28 

17 

48 

20 


8 52 

10  46 

Total 

4 . 4° 
Anian 

Total 


Total 

4 

47 

4 

28 

7 

4c 

Total 


1654 

1655 
1655 

1655 

1656 
1656 
1656 

1656 

1657 
'1657 

1657 

1657 

1658 
1658 
1658 
1658 

659 


Middle 

H.  M. 


4 

18 


24  17 
20 


16540 

16541  F 


F 

0 

0 

F 

F 

F 

0 

F 

0 

F 

F 

0 


1659  c- 

1659 
16590 

1660  F 


Nov 
Nov 
April  30 
May 

oa. 

Nov, 

April  19 

oa.  14 

March  24 
April  7 
Sept.  17 

oa.  2 

Feb.  27 
March  13 
Aug.  22 
Sept. 

Feb. 
March 
Aug. 
Aug. 

Feb. 

Aug. 
Aug-. 

Ian. 

July 
July 

Dec. 

June 
June 
Dec 
Dec. 

May 
F June 
F ' 


Digits 
eclipfed 


9 Ara.  C 
2 10 

19  56 

5 54 

8 37 

17 

29 
Tuber. 


2 

16 

22 

7 

5 


15 

52 

40 

27 

2 


>7 


F 


1660  0 oa 


6 
16 
2 
1 1 
27 
6 
1 

16 
1 1 
6 
2 1 

30 
1 1 
25 

4 
20 

3> 
H 

Nov. 

Nov.  24 
May 
May 

oa. 

Nov. 
April  24 


23 

9 

19 

22 

1 1 


‘4 

16 

9 

3 
1 1 
23 

1 1 

9 
20 

7 
16 
22 

9 ‘3 
1 1 


4 o 
3 

Total 


7 

57 

5 

3 

8 

50 

9 

59 

9 

49 

Total 


20 

29 

H 


1660 
1660 
1 1 66 1 
ii66i 


FiOa.  18 

V. 

March  29 
April  I4 


8 

‘7 

16 

4 

( I 
2Z 
O 

>3 

22 

4 


45 

io| 

25 

24 

40 

37 

*9 

4 

17 

48 

50 

20 

35 
o 

47 
o 

58 

56 

36 
34 

4 

16 

25 

58 

34 

32 

48 

32 

28 


Total 


3 14 
2 28 

I 53 

4 20 


10  o 
Total 


Total 


Total 


1C 


5 


5 52 

9 5‘ 
Total 


Total 
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Aft. 

Chr. 

iM . & D. 

Middle 

H.  M. 

166  tj0 

Sept. 

23 

t 

36 

j66i 

D 

oa. 

7 

'4 

5> 

1662 

0 

March  19 

rs 

" 8 

1664 

Cv 

April 

12 

I 

8 

1663 

1 D 

Feb. 

21 

16 

1 1 

1663  0 

March  9 

5 

47 

1663!]) 

^ug. 

18 

8 

45 

1663,0 

Sept. 

I 

8 

8 

1664:0 

Jan. 

27 

20 

40 

1664  3) 

Feb. 

1 1 

3 

16 

1664 

0 

July 

22 

'4 

48 

1664 

0 

Aug. 

20 

22 

10 

1665 

D 

Jan. 

30 

18 

47 

1665 

0 

July 

12 

7 

48 

1665 

3) 

July 

26 

'3 

3' 

1666 

f 

Jan. 

4 

21 

33 

1666 

0 

July 

i 

19 

0 

1667 

V 

J une 

5 

Noon 

1667 

0 

(July 

21 

2 

32- 

1667 

0 

Nov. 

*5 

1 1 

-ru- 

1668 

0 

May 

10 

Setting 

1668 

3) 

May 

25 

16 

26 

1 668 

0 

Nov. 

4 

2 

53 

1668 

3) 

Nov. 

18 

3 

54 

1669 

0 

April 

29 

18 

18- 

1669 

0 

oa. 

24 

10 

13- 

1670 

0 

April 

19 

7 

0- 

167c 

0 

Sept. 

10 

'9 

0- 

1670 

3) 

Sept. 

28 

15 

43 

1670 

0 

oa. 

13 

12 

167  I |0 

April 

8 

23 

29 

1671 

Sept. 

2 

21 

25  • 

1671 

3) 

Sept. 

18 

7 

44 

1672,0 

Feb. 

28 

3 

38- 

1672 

3) 

March 

13 

3 

ly- 

1672  0 

Aug. 

22 

6 

43- 

1672 

3) 

Sept. 

6 

18 

54- 

'673  0 

Feb. 

16 

7 

29- 

1673 

0 

Aug. 

1 1 

21 

44- 

1674 

3) 

Jan. 

21 

i8 

22  I 

1674 

0 

Feb. 

5 

9 

4- 

1674 

3) 

July 

17 

9 

40 

1675 

3) 

Jan. 

1 1 

8 

29 

1675 

0 

(an. 

25 

ro 

36- 

1675 

); 

July 

61 1 6 

3' 

1676 

f|ine 

10!  2 1 

26 

Uigrls 

eclipl'ed 


1 1 


19 

4 


3 H 


Total 


Aft. 

Chr, 


1676 
1676  ^ 


D 


1677 

1678 
1678 


1679  0 

1679 

1680 


1 1 


32 

50 

45 


Total 


It  21 


Total 

Total 


1 1 680 

I1680 

|i68i 
34'ji68i 

— iji68i 

10  1682 
— j i68z 
io'jt6S3 
II1683 

1683 

1684 
1684 
1684 

1684 
168 

1685 

1685 

1686 
1686 

1686 

1687 
1687 

1687 

1688 
1688 

1688 

1689 

1689 

1690 
1690 
1690 

1690 

1691 

1691 

1692 
1692 


M.  & D. 


June 
Dec. 
Nov. 
May 
May 

oa. 

April 
May 
March 
Sept. 
March 
March 
Aug. 
Sept. 
Feb. 
Aug. 
an. 
Feb. 

0 Jan. 

June 
0 July 
Dec. 
Jan. 


Middle 
H.  M. 


25 

4|2o 
24'  1 2 
16  16 
6 


29 

10 

25 

29 

22 

4 

19 


»7 

o 

S3 

22 


Noon 


'3 


28  15- 
1 1 
21 


'5 
12 

17  18 
27 

9 
6 
16 
26 


June 
Dec. 
Vlay 
J une 
''lov. 


12 

21 

4 

16 


D 

D 

0 

D 

I) 

5 

5 

0 

D 

0 

D 

0 


May 
April 
April 

oa. 
oa. 

April 
Sept. 
March  10 
March  24 
Sept.  3 
Sept. 

Feb. 

Aug. 

Feb. 

Feb. 


10 
21 

6 

29 

1 1 
26 

15 

29 
9 

25 

4 

28ji5 


I 

3 
20 

6 

'5 

4 
1 1 
16 
6 

I r 


43 

22 

43 

28 


35 
39 

36 


26 

18 

o 

o 

26 


Digits 

eclipfed 


'7  S 
Noon 

1 2 22 


'4 

7 

16 


4 

27 


Noon 
19  40 

7 42 
46 


""  ■ 

8 15 

Total 

5 47 

35 

Total 
Total 
10  30 

I 35 
Total 

9 45 

Total 

Total 

» 

• 

6 49 

4 34II 1 6021  I> 'July  2716 9i  Total 


1 1 14 


Total 

Total 


5 43 


‘7 

5 

3 

'7 


42,- 

3o|- 

5^- 

20- 

3'l 


RiCCIOLUS  a 


10 


of  EcUpfes, 


The  Eclipfes  from  Struyk  were  obferved ; thofe  from  R icciOLUs 
calculated:  the  following  from  U Art  de  HjeriJier  les  Dates' zxQ  only 
thofe  which  are  vifible  in  Europe  for  the  prefent  century:  thofe  which 
are  total  are  marked  with  a T-,  and  M fignifies  Morning,  ^Afternoon. 


Vifible  ECLIPSES  from  1700  to  1800. 


Aft. 

Chr. 

Months 

and 

Days. 

'i  I me  of 
the  Day 
or  Night. 

Aft. 

Chr. 

Months 

and 

Days. 

Time  of 
the  Day 
or  Night. 

1701 

D 

Feb. 

22 

II  A. 

t7»5!0 

May 

3 

9 

M.  r. 

1703 

D 

Jan. 

3 

7 M. 

1715 

P 

Nov. 

1 1 

5 

M. 

1703 

S 

June 

29 

I M.r. 

1717 

P 

March 

27 

3 

M. 

1703 

D 

Dec. 

23 

7 M.r. 

1717 

P 

May 

2C 

6 

A. 

1704 

D 

Dec. 

1 1 

7 M. 

1718 

P 

Sept. 

9 

8 

A.  r. 

1706 

P 

April 

28 

2 M. 

1719 

P 

Aug. 

29 

9 

A. 

1706 

0 

May 

12 

10  M. 

1721 

P 

Jan. 

3 

A. 

1706 

P 

oa. 

21 

7 A. 

1722 

P 

[une 

29 

3 

M. 

1707 

P 

April 

17 

2 M.r. 

1722 

0 

Dec. 

8 

5 

A. 

1708 

P 

April 

5 

6 M. 

1722 

P 

Dec. 

22 

4 

A. 

1708 

0 

Dec. 

14 

8 M. 

11724 

May 

22 

7 

A.r. 

1708 

P 

Sept. 

29 

9 A. 

J724 

P 

Nov. 

I 

4 

M. 

1709 

0 

March 

11 

2 A. 

1725 

P 

oa. 

21 

7 

A. 

1710 

P 

Feb. 

>3 

1 1 A. 

1726 

0 

Sept. 

25 

6 

A. 

1710 

ii> 

heb. 

28 

I A. 

1726 

P 

oa. 

1 1 

5 

M. 

17.1 

0 

July 

15 

8 A. 

1727 

0 

Sept. 

35 

7 

M. 

1711 

p 

July 

29 

6 A.r. 

1729 

P 

Feb. 

*3 

6 

A.r 

«7I2 

p 

Jan. 

23 

8 A. 

1729 

P 

Aug. 

9 

1 

M. 

1713 

p 

June 

8 

6 A. 

11730 

P 

Feb. 

4 

4 

M. 

1713 

p 

Dec. 

2 

4 M. 

I1731 

P 

June 

20 

u 

M. 

Ricciolus’s  Catalogue  of  ECLilPSES. 


"Aft. 

Chr. 

M.  & D. 

Middle 
H.  M. 

Digits  1 
eclipfed  i 

Aft. 

Chr. 

M.  & D. 

Middle 
H.  M. 

Digits 

eclipfed 

1693 

P 

Jan. 

21 

17  25 

Total  1 

1696 

0 

Nov. 

23 

17 

32 

1693 

P 

June 

17 

Noon 

1 

1697 

0 

April 

20 

H 

32 

1694 

P 

Jan. 

1 1 

Noon 

1 

■ "“1 

1697 

P 

May 

5 

18 

27 

16^ 

0 

June 

22 

4 22 

6 22j 

1697 

P 

oa. 

29 

8 

4^1 

84  5 

1694 

P 

July 

6 

13  5> 

0^  47! 

1698 

0 

April 

10 

9 

13 

1695 

0 

May 

1 1 

6 i 

1698 

0 

oa. 

3 

‘5 

29 

1695 

P 

May 

28 

Noon 

1699 

P 

March 

>5 

8 

14 

9 7 

1695 

P 

Nov. 

20 

8 c 

6 55 

1699 

0 

March  30 

22 

c 

1695 

0 

Dec. 

5 

17  7 

1699 

P 

Sept.  , 

8 

23 

22 

1696 

P 

May 

16 

12  45 

Total 

1699 

0 

Sept. 

23 

22 

38 

9 58 

1696 

0 

May 

30 

12  56 

1700 

j) 

March 

4 

20 

1 1 

^g6 

P 

Nov. 

8 

17  30 

Total 

1700 

P|Aug. 

29 

I 

42 

• 

V^ifiblc 


270  Of  Eclifjes. 


Vifible  ECLIPSES  from  1700  to  1800. 


Aft. 

Chr. 

Months 

and 

Days. 

Time  of  , 
the  Day 
or  Nighti 

Aft. 

Chr. 

Months 

and 

Days. 

Time  ol 
the  Day 
or  Night. 

1732 

3) 

Dec. 

I 

10 

k.r. 

‘764 

0 

April 

I 

10 

M. 

‘733 

0 

May 

‘.3 

7 

A. 

1764 

P 

April 

16 

I 

M. 

‘733 

]) 

May 

28 

7 

A. 

1765 

0 

March 

21 

2 

A. 

‘73S 

}) 

oa. 

2 

I 

M. 

‘761J 

0 

Aug. 

16 

5 

A.  .■ 

1736 

]) 

March  26 

12 

A.r. 

1766 

P 

Feb. 

24 

7 

A. 

1736 

3) 

Sept. 

20 

3 

M.  r. 

1766 

0 

Aug. 

5 

7 

A. 

1736 

0 

oa. 

+ 

6 

A. 

1768 

p 

Jan. 

4 

5 

M. 

‘737 

0 

March 

1 

4 

A. 

1768 

p 

June 

3° 

4 

M.r. 

‘737 

3) 

Sept. 

9 

4 

M. 

1768 

p 

Dec. 

23 

4 

A.r. 

‘73^ 

0 

Aug. 

J3 

1 1 

M. 

‘769 

0 

June 

4 

8 

M. 

‘739 

3) 

Jan. 

24 

1 1 

A. 

‘769 

p 

Dec. 

13 

7 

M. 

‘739 

0 

Aug. 

4 

5 

A. 

‘77° 

0 

Nov. 

‘7 

10 

M. 

‘739 

0 

Dec. 

30 

9 

M. 

‘77‘ 

P 

April 

zk 

2 

M. 

‘740 

3) 

Jan. 

‘3 

1 1 

A.r. 

‘77‘ 

P 

oa. 

23 

5 

A. 

‘74‘ 

3) 

Jan. 

1 

12 

A. 

1772 

P 

oa. 

1 1 

6 

A.r. 

‘7+3 

3) 

Nov. 

2 

3 

M.r. 

1772 

0 

oa. 

26 

10 

M. 

‘74+ 

3) 

Aug. 

26 

9 

A. 

‘773 

0 

March 

23 

5 

M. 

‘7+6 

3) 

Aug. 

30 

1 2 

A. 

1773 

P 

Sept. 

3° 

7 

A. 

‘7+7 

3) 

Feb. 

‘4 

5 

M.  r. 

‘774 

0 

March 

12 

10 

M. 

17+b 

0 

July 

25 

1 1 

M. 

‘ 776 

P 

July 

3‘ 

1 

M.  r. 

174b 

3) 

Aug. 

8 

12 

A. 

1776 

0 

Aug. 

‘4 

5 

M. 

17+9 

3) 

Dec. 

23 

8 

A. 

'777 

0 

Jan. 

9 

5 

A. 

‘75° 

0 

Jan. 

8 

9 

M. 

‘778 

0 

June 

2+ 

4 

A. 

1750 

3) 

June 

‘9 

9 

A.r. 

1778 

P 

Dec. 

4 

6 

M. 

‘750 

P 

Dec. 

‘3 

7 

M. 

1779 

P 

May 

3° 

5 

M.r. 

‘75‘ 

P 

Munc 

9 

2 

M. 

‘779 

0 

J une 

‘4 

8 

M. 

‘75‘ 

P 

Dec. 

2 

10 

A. 

■779 

P 

Nov. 

23 

8 

A. 

1752 

May 

«3 

8 

A. 

178c 

oa. 

27 

6 

A. 

‘753 

P 

April 

‘7 

7 

A. 

1780 

P 

Nov. 

12 

4 

M. 

‘753 

0 

oa. 

26 

10 

M. 

1781 

0 

April 

23 

6 

A. 

‘755 

P 

March 

28 

I 

M. 

!‘782 

0 

oa. 

‘7 

8 

M. 

‘757 

P 

Feb. 

4 

6 

M. 

1782 

P 

April 

12 

7 

A. 

'757 

Plluly 

3° 

1 2 

A. 

‘783 

P 

March  18 

9 

A.r. 

1758 

P 

Ian. 

24 

7 

M.  r. 

‘783 

P 

Sept. 

10 

1 1 

A.  r. 

1758 

0Dec. 

3° 

7 

M. 

‘784 

P 

March 

7 

3 

M. 

‘759 

0 

June 

2 + 

7 

A. 

1785 

0 

Feb. 

9 

I 

A. 

‘759'0 

Dec. 

‘9 

2 

A. 

‘.787 

P 

Jan. 

3 

12 

A.  r. 

1760 

P 

May 

29 

9 

A. 

‘78/ 

Jan. 

‘9 

to 

M. 

1760 

0 

June 

'3 

7 

M. 

1787 

0 

June 

‘5 

5 

A. 

1760 

P 

Nov. 

22 

9 

A. 

‘787 

P 

Dec. 

24 

3 

A. 

1761 

P 

May 

18 

1 1 

A.  r. 

178b 

0 

J une 

4 

9 

M. 

1762 

P 

May 

8 

4 

M. 

‘789 

P 

Nov. 

2 

12 

A. 

1762 

oa. 

'7 

8 

M. 

‘79° 

P 

April 

28 

12 

A.  r. 

1702 

P 

Nov. 

I 

8 

A. 

1790 

P 

oa. 

23 

I 

M.  ?■. 

1763 

0 

April 

8 

M. 

‘79‘ 

April 

3 

I 

A. 

Vifiblc 
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Vifible  ECLIPSES  from  1700  to  1800. 


/ft. 

Chr. 

Months 

and 

Days. 

Time  of 
the  Day 
or  Night. 

Aft. 

Chr. 

Months 

and 

Days. 

Time  of 
the  Day 
or  Night. 

1791 

5 

Odl.  12 

3 

M. 

'795 

D 

Feb.  4 

I 

M. 

1792 

0 

Sept.  16 

1 1 

M. 

'795 

0 

|uly  16 

9 

M. 

'793 

5 

Feb.  25 

10 

A. 

'795 

D 

July  31 

8 

A. 

'793 

0 

Sept.  (; 

3 

A. 

•797 

0 

June  25 

8 

A. 

'794 

0 

Jan.  31 

4 

A. 

'797 

i) 

Dec.  4. 

6 

M . 

'794 

D 

Feb.  14 

1 1 

A.  r. 

1179H 

D 

May  27 

7 

A.  r. 

>794 

0 

Aug:.  25 

A. 

1 800 

D 

Oft.  2 

1 1 

A. 

328.  A Lift  of  Eclipfes,  and  hiftorical  Events,  which 
happened  about  the  fame  ‘Tunes,  from  Riccioms. 


Before  Christ. 


754 


721 

585 

sn 

502 

463 


July 


March 

May 

July 

Nov. 


19 

28 


19 


April  30 


But  according  to  an  old  Calen- 
dar, this  Eclipfe  of  the  Sun  was 
on  the  2ift  oi  April,  on  which  day 
the  foundations  of  Rome  were  laid  ; 
if  we  may  believe  Taruntius  Fir- 
manus. 

A total  Eclipfe  of  the  Moon. 

The  AJfyrian  Empire  at  an  end  j 
the  Babylonian  eftablifhed. 

An  Eclipfe  of  the  Sun  foretold  Hiftorical 
by  Thales,  by  which  a peace  was 
brought  about  between  the  Medes 
and  Lydians. 

An  Eclipfe  of  the  Moon,  which 
was  followed  by  the  death  of  Cam- 

BYSES. 

An  Eclipfe  of  the  Moon,  which 
was  followed  by  the  daughter  of 
the  Sabines,  and  death  of  Valerius 
Publicola, 

An  Eclipfe 'of  the  Sun.  The 
Perfian  war,  and  the  falling-off  of 
the  Pcrftans  from  the  Egyptians. 

An 
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Before  Christ; 


43^ 

April  2 5 

431 

Augujl  3 

413 

Auguft  i~j 

394 

Augujl  14 

j68 

June  1 1 

After 

Chuxst. 

* 59 

April  30 

Aptil  1 2 

306 

July  27 

840 

May  4 

1009 

ii33 

Augujf  2 

An  Edipfe  of  the  Moon,  which 
was  followed  by  a great  famine  at 
Rome  j and  the  beginning  of  the 
P eloponneftan  war. 

A total  Edipfe  of  the  Sun.  A 
Comet  and  Plague  at  Athens*^ 

A total  Edipfe  of  the  Moon. 
Nicias  with  his  Ihip  ddlroyed  at 
Syracufe. 

An  Edipfe  of  the  Sun.  The 
Perftans  beat  by  Conon  in  a fea- 
engagement.  , 

A total  Edipfe  of  the  Moon. 
The  next  day  King  of 
cedonia  was  conquered  by  Paulus  , 
Emilius.  \ 

i 

i 

An  Edipfe  of  the  Sun.  This  | 
is  reckoned  among  the  prodigies,  . 
on  account  of  the  murder  of 
Agrippinus  by  Nero. 

A total  Edipfe  of  the  Sun.  A 
fign  that  the  reign  of  the  Gordiani 
would  not  continue  long.  Afixch 
perfecution  of  the  Chriftians. 

An  Edipfe  of  the  Sun.  The 
Stars  were  feen,  and  the  Emperor 
Ccnjlantius  died. 

A dreadful  Edipfe  of  the  Sun. 
And  Lewis  the  Pious  died  within 
fix  months  after  it. 

An  Eclipfe  of  the  Sun.  And 
JeruJalem  taken  by  the  Saracens, 

A terrible  Edipfe  of  the  Sun. 
The  Stars  were  feen.  A fehifin  ' 
in  the  Church,  occafioned  by!' 
there  being  three  Popes  at  once. , ' 


* This  Edipfe  happened  if  the  firft  year  of  the  Pelopon* ' 
f elian  war. 

329* 
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329.  I have  not  cited  one  half  of  RiccroLus’s  The  fuper- 
lift  of  portentous  Eclipfes;  and  for  the  fame  rca-  fioirof”re 
Ton  that  he  declines  giving  any  more  of  them  than  ancients 
what  that  lift  contains^  namely,  that  it  is  moft 
difagrecable  to  dwell  any  longer  on  fuch  nonfenfe, 
and  as  much  as  poftible  to  avoid  tiring  the  reader: 
the  fuperftition  of  the  ancients  may  be  feen  by  the 
few  here  copied.  My  author  farther  fays,  that 
there  were  treacifes  written  to  fhew  againft  what 
regions  the  malevolent  effedts  of  any  particular 
Eclipfewas  aimed  ; and  the  writers  affirmed,  that 
the  effefls  of  an  Eclipfe  of  the  Sun  continued  as 
many  years  as  the  Eclipfe  lafted  hours;  and  that 
of  the  Moon  as  many  months. 

330.  Yet  fuch  idle  notions  were  once  of  nofmall  very  fortu44, 

advantage  to  Christopher  Columbus,  who,  in  fL^'c^RTs. 
the  year  1493,  was  driven  on  the  ifland  of  tophir 

where  he  was  in  the  greateft  diftrefs  for  want  of  bus.'^*** 
provifions,  and  was  moreover refufed  any  affiftance 

from  the  inhabitants;  on  which  he  threatened 
them  with  a plague,  and  told  them,  that  in  token 
ofitj  there  ffiould  be  an  Eclipfe:  which  accord- 
ingly fell  on  the  day  he  had  foretold,  and  fo  terri- 
fied the  Barbarians,  that  they  ftrove  who  fhould 
be  firft  in  bringing  him  all  forts  of  provifions  5 
throwing  them  at  his  feet,  and  imploring  his  for- 
givenefs.  ^icciolv^'s /llmagefli  Vol.I.  l.v.  c.  ii. 

331.  Eclipfes  of  the  Sun  are  more  frequent  than  whythrrjs 

of  the  Moon,  becaufe  the  Sun’s  ecliptic  limits  are  Tp  r" 

greater  than  the  Moon’s,  § 317 : yet  we  have  more  of  theM^a 
vifiblc  Eclipfes  of  the  Moon  than  of  the  Sun,  be-  su^ 
caufe  Eclipfes  of  the  Moon  are  feen  from  all  parts 

of  that  Hemifphere  of  the  Earth  which  is  next 
her,  and  are  equally  great  to  each  of  thofe  parts; 
but  the  Sun’s  Eclipfes  are  vifible  only  to  that  fmall 
portion  of  the  Hemifphere  next  him  whereon  the 
Moon’s  ffiadow  falls,  as  lhall  be  explaned  by  and 
by  at  large, 

33a.  The  Moon’s  Orbit  being  elliptical,  and 
the  Earth  in  one  of  its  focufes,  ftie  is  once  at  her 

"T  leaft 
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PLATE 
XI. 
Fig.  I. 


Total  ani 
annular 
Fclipfes  of 
the  Sun. 


The  longeft 
duration  of 
total  Eclip* 
fes  of  the 
Sun. 


To  how 
much  of  the 
Earth  the 
Sun  may  be 
totally  or 
partially 
eclipled  at 
once. 


lead  diftance  from  the  Earth,  and  once  at  her 
greateft  in  every  Lunation.  When  the  Moon 
changes  at  her  lead  didance  from  the  Earth,  and 
fo  near  the  Node  that  her  dark  fliadow  falls  upon 
the  Earth,  die  appears  big  enough  to  cover  the 
whole  * Difc  of  the  Sun  from  that  part  on  which 
her  fhadow  falls;  and  the  Sun  appears  totally 
eclipfed  there,  as  at  yf,  for  fome  minutes  : but 
when  the  Moon  changes  at  her  greated  didance 
from  the  Earth,  and  fo  near  the  Node  that  her  dark 
fhadow  is  direfted  toward  the  Earth,  her  diame- 
ter fubtends  a lefs  angle  than  the  Sun’s ; and  there- 
fore die  cannot  hide  his  whole  Difc  from  any  part 
of  the  Earth,  nor  does  her  fliadow  reach  it  at  that 
time;  and  to  the  place  over  which  the  point  of 
her  fliadow  hangs,  the  Eclipfe  is  annular,  as  at  Bi 
the  Sun’s  edge  appearing  like  a luminous  ring  all 
around  the  body  of  the  Moon.  When  the  Change 
happens  within  17  degrees  of  the  Node,  and  the 
Moon  at  her  mean  didance  from  the  Earth,  the 
point  of  her  fliadow  jud  touches  the  Earth,  and 
fhe  eclipfes  the  Sun  totally  to  that  fmall  fpot 
whereon  her  fliadow  falls ; but  the  darknefs  is  not 
of  a moment’s  continuance. 

333.  The  Moon’s  apparent  diameter,  when  lar- 
ged, exceeds  the  Sun’s,  when  lead,  only  i minute 
38  feconds  of  a degree:  and  in  the  greated  Eclipfe 
of  the  Sun  that  can  happen  at  any  time  and  place, 
the  total  darknefs  continues  no  longer  than  while 
the  Moon  is  going  i minute  38  feconds  from  the 
Sun  in  her  Orbit ; which  is  about  3 minutes  and 
13  feconds  of  an  hour. 

334.  The  Moon’s  dark  fliadow  covers  only  a 
fpot  on  the  Earth’s  furface,  about  i%o  Englijb  mWa 
broad,  when  the  Moon’s  diameter  appears  larged 

♦ Although  the  Sun  and  Moon  are  fpherical  bodies,  a* 
feen  from  the  Earth  they  appear  to  be  circular  planes  ; and  fo 
would  the  Earth  do,  if  it  were  feen  from  the  Moon.  The 
apparently  flat  furfaces  of  the  Sun  and  Moon  are  called  theif 
Di/cs  by  Aftronomerf. 

and 
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and  the  Sun’s  leaftj  and  the  total  darknefs  can  ex- 
tend no  farther  than  the  dark  lhadow  covers.  Yet 
the  Moon’s  partial  fhadow  or  Penumbra  may  then 
cover  a circular  fpace  4900  miles  diameter,  within 
all  which  the  Sun  is  more  or  lefs  eclipfed,  as  the 
places  are  lefs  or  more  dillant  from  the  center  of 
the  Penumbra.  When  the  Moon  changes  exactly 
in  the  Node,  the  Penumbra  is  circular  on  the 
Earth  at  the  middle  of  the  general  Eclipfej  be- 
caufe  at  that  time  it  falls  perpendicularly  on  the 
Earth’s  furface : but  at  every  other  moment  it 
falls  obliquely,  and  will  therefore  be  elliptical, 
and  the  more  fo,  as  the  time  is  longer  before  or 
after  the  middle  of  the  general  Eclipfej  and 
then,  much  greater  portions  of  the  Earth’s  fur- 
face  are  involved  in  the  Penumbra. 

335.  When  the  Penumbra  firft:  touches  the 
Earth,  the  general  Eclipfe  begins:  when  it  leaves 
the  Earth,  the  general  Eclipfe  ends;  from  the  be- 
ginning to  the  end  the  Sun  appears  eclipfed  in  fome 
part  of  the  Earth  or  other.  When  the  Penumbra 
touches  any  place,  the  Eclipfe  begins  at  that 
place,  and  ends  when  the  Penumbra  leaves  it. 
When  the  Moon  changes  in  the  Node,  the  Pe- 
numbra goes  over  the  center  of  the  Earth’s  Difc 
as  feen  from  the  Moon ; and  confequently,  by 
deferibing  the  longeft  line  poffible  on  the  Earth, 
continues  the  longeft  upon  it  j namely,  at  a mean 
rate,  5 hours  50  minutes.  : more,  if  the  Moon  be 
at  her  greateft  diftance  from  the  Earth,  becaufe 
Ihe  then  moves  floweft  j lefs,  if  fhe  be  at  her  leaft 
diftance,  becaufe  of  her  quicker  motion. 

336.  To  make  the^^laft  five  articles  and  feveral 
other  phenomena  plainer,  let  S be  the  Sun,  E the 
Earth,  M the  Moon,  and  AMP  the  Moon’sOrbit. 
Draw  the  right  line  JVc  11  from  the  weftern  fide 
of  the  Sun  at  W,  touching  the  weftern  fide  of  the 
Moon  at  c,  and  the  Earth  at  12:  draw  alio  the 
right  line  Vd  12  from  the  eaftern  fide  of  the  Sun 
at  E , touching  the  eaftern  fide  of  the  Moon  at  d 
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and  the  Earth  at  12:  the  dark  fpace  2 e/ included 
between  thofe  lines  in  the  Moon’s  lhadow,  ending 
in  a point  at  12,  where  it  touches  the  Earth ; be- 
caufe  in  this  cafe  the  Moon  is  fuppofed  to  change 
at  M \n  the  middle  between  A the  Apogee,  or  far- 
thefb  point  of  her  Orbit  from  the  Earth,  and  P the 
Perigee,  or  neareft  point  to  it.  For,  had  the  point 
P been  atAf,  the  Moon  had  been  nearer  the  Earth; 
and  her  dark  fhadow  at  e would  have  covered  a 
fpace  upon  it  about  180  miles  broad,  and  the  Sun 
would  have  been  totally  darkened,  as  at^f  (Fig.  I.) 
with  fome  continuance;  but  had  the  point  A 
(Fig.  II.)  been  at  M,  the  Moon  would  have  been 
farther  from  the  Earth,  and  her  fhadow  would  have 
ended  in  a point  about  e,  and  therefore  the  Sun 
would  have  appeared,  as  at  B (Fig.  I.)  like  a lu- 
minous ring  all  around  the  Moon.  Draw  the  right 
lines  IVXdh  and  Vxcg^  touching  the  contrary 
fides  of  the  Sun  and  Moon,  and  ending  on  the 
Earth  at  a and b:  draw  alfo  the  right  line  SXMii^ 
from  the  center  of  the  Sun’s  Difc,  through  the 
Moon’s  center  to  the  Earth  at  1 2 ; and  fuppofe  the 
two  former  lines  WXdh  and  V Xc g to  revolveon 
the  line  5 AT Af  12  as  an  Axis,  and  their  points  « 
and  h will  defcribe  the  limits  of  the  Penumbra 
P ’T  on  the  Earth’s  furface,  including  the  large 
fpace«o^i2^i  within  which  the  Sun  appears 
more  or  lefs  eclipfed,  as  the  places  are  more  or  Id's 
diftant  from  the  verge  of  the  Penumbra  aob. 

Draw  the  right  line  12  acrofs  the  Sun’s  Difc, 
perpendicular  loSXM^  the  Axis  of  the  Penumbra: 
then,  divide  the  line_y  12  into  twelve  equal  parts, 
as  in  the  Figure,  for  the  twelve  * Digits  of  the 
Sun’s  diameter:  and  at  equal  diftances  from  the 
center  of  the  Penumbra  at  12  (on  the  Earth’s  fur- 
face  YT)  to  its  edge  aob^  draw  twelve  concen- 
tric Circles,  as  marked  with  the  numeral  Figures 
1234,  &c.  and  remember  that  the  Moon’s  mo- 

• A Digit  is  a twelfth  part  of  the  diameter  of  the  Son  and 
Moon.  ' - 
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tion  in  her  Orbit  AMP  is  from  Weft  to  Eaft,  as 
from  s to  t.  Then, 

To  an  obferver  on  the  Earth  at  h,  the  eaftern 
limb  of  the  Moon  at  feems  to  touch  the  weftern 
Jimb  of  the  Sun  at  when  the  Moon  is  at  Mi 
and  theSun’s  Eclipfe  begins  at  by  appearing  as  at 
yf  in  Fig.  III.  at  the  left  hand  j but  at  the  fame 
moment  of  abfolute  time  to  an  obferver  at  a in 
Fig.  II.  the  weftern  edge  of  the  Moon  at  c leaves 
the  eaftern  edge  of  the  Sun  at  Vy  and  the  Eclipfc 
ends,  as  at  the  right  hand  C of  Fig.  III.  At  the 
very  fame  inftant,  to  all  thofe  who  live  on  the  Cir- 
cle marked  i on  the  Earth  E in  Fig.  II.  the  Moon 
M cuts  off  or  darkens  a twelfth  part  of  the  Sun  Sy 
and  eclipfes  him  one  Digit,  as  at  i in  Fig.  Ill : to 
thofe  who  live  on  the  Circle  marked  2 in  F"ig.  II. 
the  Moon  cuts  off  two  twelfth  parts  of  the  Sun, 
as  at  2 in  Fig.  Ill:  to  thofe  on  the  Circle  j,  three 
parts  ; and  fo  on  to  the  center  at  12  in  Fig.  II. 
where  the  Sun  is  centrally  eclipfed,  as  at  B in  the 
middle  of  Fig.  Ill;  under  which  Figure  there  is  a 
fcale  of  hours  and  minutes,  to  fhew  at  a mean  rate 
how  long  it  is  from  the  beginning  to  the  end  of  a 
central  Eclipfe  of  the  Sun  on  the  parallel  of 

and  how  many  Digits  are  eclipfed  at  any  par- 
ticular time,  from  the  beginning  at.^ro  the  middle 
at  By  or  the  end  at  C.  Thus,  in  16  minutes  from 
the  beginning,  the  Sun  is  two  Digits  eclipfed;  in 
an  hour  and  five  minutes,  eight  Digits;  and  in  an 
hour  and  thirty-feven  minutes,  twelve  Digits. 

337.  By  Fig.  II.  it  is  plain,  that  the  Sun  is  to- 
tally or  centrally  eclipfed  but  to  a-fmall  part  of  the 
Earth  at  any  time ; becaufe  the  dark  conical  fhadow 
^ of  the  Moon  M falls  but  on  a fmall  part  of  the 
Earth:  and  that  a partial  Eclipfe  is  confined  at 
that  time  to  the  fpace  included  by  the  Circle  a o b, 
of  which  only  one  half  can  be  projefled  in  the 
F igure,  the  other  half  being  fuppofed  to  be  hid  by 
the  convexity  of  the  Earth  E:  and  likewife,  that 
PQ  part  of  the  Sun  is  eclipfed  to  the  large  fpace  ET 
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of  the  Earth,  becaufe  the  Moon  is  not  between  the 
Sun  and  any  of  that  part  of  the  Earth:  and  there- 
fore to  all  that  part  the  Eclipfe  is  invifible.  The 
Earth  turns  eaftward  on  its  Axis,  as  from  g to 
which  is  the  fame  way  that  the  Moon’s  lhadov/ 
moves  j but  the  Moon’s  motion  is  much  fwifter 
in  her  Orbit  from  s to  t:  and  therefore,  although 
Eclipfes  of  the  Sun  are  of  longer  duration  on  ac- 
count of  the  Earth’s  motion  on  its  Axis  than  they 
would  be  if  that  motion  was  ftopt,  yet  in  four  mi- 
nutes of  time  at  moft  the  Moon’s  fwifter  motion 
carries  her  dark  fhadow  quite  over  any  place  that 
its  center  touches  at  the  time  of  greatefi;  obfcura- 
tion.  The  motion  of  the  fhadow  on  the  Earth’s 
Difc  is  equal  to  the  Moon’s  morion  from  the  Sun, 
which  is  about  jof  minutes  of  a degree  every  hour 
at  a mean  rate  ■,  but  fo  much  of  the  Moon’s  Orbit 
is  equal  to  30^  degrees  of  a great  Circle  on  the 
Earth,  § 320 ; and  therefore  the  Moon’s  fhadow 
goes  30^  degrees  or  1830  geographical  miles  on 
the  Earth  in  an  hour,  or  30^  miles  in  a minute, 
which  is  almoft  four  times  as  fwift  ^s  the  motion 
of  a cannon-ball. 

338.  As  feen  from  the  Sun  or  Moon,  the  Earth’s 
Axis  appears  differently  inclined  every  day  of 
the  year,  on  account  of  keeping  its  parallclifm 
throughout  its  annual  courfe.  Let£,D,0,  A^bethe 
Earth  at  the  two  Equinoxes  and  the  two  Solftices, 
NS  its  Axis,  N the  North  Pole,  S the  South  Pole, 
yE.^the  Equator,  T the  Tropic  of  Cancer,  t the 
Tropic  of  Capricorn,  and  ABC  the  Circumference 
of  the  Earth’s  enlightened  Difc  as  feen  from  the 
Sun  or  New  Moon  at  thefe  times.  The  Earth’s 
Axis  has  the  pofition  NES  at  the  vernal  Equinox, 
lying  toward  the  right  hand,  as  feen  from  the  Sun 
or  New  Moon ; its  Poles  i^and  S being  then  in 
the  Circumference  of  the  Difc;  and  the  Equator 
and  all  its  parallels  feem  to  be  flraight  lines,  be- 
caufe their  planes  pafs  through  the  obferver’s  eye 
looking  down  upon  the  Earth  from  the  Sun  or 
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Moon  direflly  over  £,  where  the  Ecliptic  FG  in- 
terfefts  the  Eiquator  JE.  At  the  Summer  Solftice, 
the  Earth’s  Axis  has  the  pofition  NDS-,  and  that 
part  of  the  Ecliptic  FG,  in  which  the  Moon  is 
then  New,  touches  the  Tropic  of  Cancer  F at  Z). 
The  North  Pole  N at  that  time  inclining  23t  de- 
grees toward  the  Sun,  falls  fo  many  degrees  within 
the  Earth’s  enlightened  Difc,  becaufe  the  Sun  is 
then  vertical  to  D,  23!  degrees  north  of  the  Equa- 
tor and  the  Equator  with  all  its  parallels 

feem  elliptic  curves  bending  downward,  or  toward 
the  South  Pole,  as  feen  from  the  Sun : which  Pole, 
together  with  23I  degrees  all  round  it,  is  hid  be- 
hind the  Difc  in  the  dark  Hemifphere  of  the  Earth. 
At  the  Autumnal  Equinox,  the  Earth’s  Axis  has 
the  pofition  NOS,  lying  to  the  left  hand  as  feen 
from  the  Sun  or  New  Moon,  which  are  then  ver- 
tical to  0,  where  the  Ecliptic  cuts  the  Equator 
JEfl.  Both  Poles  now  lie  in  the  circumference 
of  the  Difc,  the  North  Pole  juft  going  to  difap- 
pear  behind  it,  and  the  South  Pole  juft  entering 
into  it;  and  the  Equator  with  all  its  parallels  feem 
to  be  ftraight  lines,  becaufe  their  planes  pafs 
through  the  obferver’s  eye,  as  feen  from  the  Sun, 
and  very  nearly  fo  as  feen  from  the  Moon.  Ac 
the  Winter  Solftice,  the  Earth’s  Axis  has  the  po- 
fition NNS-,  when  its  South  Pole  S,  inclining 
231- degrees  toward  the  Sun,  falls  23 1 degrees 
within  the  enlightened  Difc,  as  feen  from  the  Sun 
or  New  Moon,  which  are  then  vertical  to  the  Tro- 
pic of  Capricorn  t,  234  degrees  fouth  of  the  Equa- 
tor and  the  Equator  with  all  its  parallels 

feem  elliptic  curves  bending  upward ; the  North 
Pole  being  as  far  behind  the  Difc  in  the  dark  He- 
mifphere, as  the  South  Pole  is  come  into  the 
light.  The  nearer  that  any  time  of  the  year  is  to 
the  Equinoxes  or  Solftices,  the  more  it  partakes 
of  the  Phenomena  relating  to  them. 

339.  Thus  it  appears,  that  from  the  Vernal  Equi- 
nox to  the  Autumnal,  the  North  Pole  is  enlighten- 
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cd;  ahd  the  Equator  and  all  its  parallels  appear 
elliptical  as  leen  from  the  Sun,  more  or  lels  curved 
as  the  time  is  nearer  to  or  farther  from  the  Sum- 
mer Solfticej  and  bending  dovvnvi'ard,  or  toward 
the  South  Pole  j the  reverfe  of  which  happens 
from  the  Autumnal  Equinox  to  the  Vernal.  A 
little  confideration  will  be  fufficient  to  convince 
the  reader,  that  the  Earth's  Axis  inclines  toward 
the  Sun  at  the  Summer  Solftice  ; from  the  Sun  at 
the  Winter  Solftice;  and  fidewife  to  the  Sun  at 
the  Equinoxes ; but  toward  the  right  hand,  as 
feen  from  the  Sun  at  the  Verjial  Equinox ; and  to- 
ward the  left  hand  at  the  Autumnal.  From  the 
Winter  to  the  Summer  Solftice,  the  Earth’s  Axis, 
inclines  more  or  Ids  to  the  right  hand,  as  feeq 
from  the  Sun ; and  the  contrary  from  the  Summer 
to  the  Winter  Solftice. 

340.  The  different  pofitions  of  the  Earth’s  Axis, 
as  leen  from  the  Sun  at  dirFerent  times  of  the  year, 
afFc6l  folar Ecliples  greatly  with  regard  to  particu- 
lar places ; yea  io  far  as  would  make  central  Eclip- 
les, which  fall  at  one  time  of  the  year,  invifible  if 
they  had  fallen  at  another,  even  though  the  Moon 
Ihould  always  change  in  the  Nodes,  and  at  the  fame 
hour  of  the  day;  of  which  indefinitely  various  af- 
fedlions,  we  fhall  only  give  Examples  for  the  timc^ 
of  the  Equinoxes  and  Solftices. 

In  the  fame  Diagram,  let  EG  be  part  of  the 
Ecliptic,  and /if,-/ ik,  ik  part  of  the  Moon’s 
Orbit;  both  feen  edgewife,  and  therefore  projcdled 
into  right  lines;  and  let  the  interfcdfions  A,  O, 
JD,E,  beone  and  the  fameNodes  at  the  above  times, 
when  the  Earth  has  the  forementioned  different 
pofitions;  and  let  the  fpace  included  by  the  Cir- 
cles P, p,  be  the  Penumbra  at  thefe  times,  as 
its  center  is  paffing  over  the  center  of  the  Earth’s 
Difc.  At  the  Winter  Solftice,  when  the  Earth’s 
Axis  has  the  pofition  NNS,  the  center  of  the  Pe- 
numbra P touches  the  Tropic  of  Capricorn  / in  N 
at  the  middip  of  the  general  Eclipfe j,  but  no  part 
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of  the  Penumbra  touches  the  T ropic  of  Cancer  7*. 
At  the  Summer  Solftice,  when  the  Earth’s  Axis 
has  the  pofition  NBS  (iDk  being  then. part  of 
the  iMoon’s  Orbit,  whofe  Node  is  atl)j,  the  Pe- 
numbra p has  its  center  at  D,  on  the  Tropic  of 
Cancer  T,  at  the  middle  of  the  general  Eclipie, 
and  then  no  part  of  it  touches  the  Tropic  of  Ca- 
pricorn t.  Ac  the  Autumnal  Equinox,  the  Earth’s 
Axis  has  the  pofition  A'O *9  (iOk  being  then  pare 
of  the  Moon’s  Orbit),  and  the  Penumbra  equally 
includes  part  of  both  Tropics  T and  t at  the  middle 
of  the  general  Eclipfe:  at  the  vernal  Equinox  it 
does  the  fame,  becaufe  the  Earth’s  Axis  has  the 
pofition  NES:  but,  in  the  former  of  thefe  two 
lall  cafes,  the  Penumbra  enters  the  Earth  at 
north  of  the  Tropic  of  Cancer  T,  and  leaves  it  at 
pt,  fouch  of  the  Tropic  of  Capricorn/;  having 
gone  over  the  Earth  obliquely  fouthward,  as  its 
center  deferibed  the  line  whereas,  in  the 

latter  cafe,  the  Penumbra  touches  the  Earth  at ;/, 
fouth  of  the  Equator  yE ^ and  deferibing  the 
line  (fimilar  to  the  former  line in  open 
fpace),  goes  obliquely  northward  over  the  Earth, 
and  leaves  it  at  q,  north  of  the  Equator. 

In  all  thefe  circumftances,  the  Moon  has  been 
fuppofed  to  change  at  noon  in  her  defeending 
Node;  had  (be  changed  in  her  afeending  Node, 
the  Phenomena  would  have  been  as  various  the 
contrary  way,  with  refpeft  to  the  Penumbra’s  go- 
ing northward  or  fouthward  over  the  Earth.  But 
becaufe  the  Moon  changes  at  all  hours,  as  often  in 
one  Node  as  in  the  other,  and  at  all  diftances  from 
them  both  at  different  times  as  it  happens,  the  va- 
riety of  the  Phafes  of  Eclipfes  are  almoft  innume- 
rable, even  at  the  fame  places;  confidering  alfo 
how  varioufly  the  fame  places  are  fituated  on  the 
enlightened  Difc  of  the  Earth,  with  refpedt  to  the 
Penumbra’s  motion,  at  the  different  hours  when 
pclipfcs  happen, 
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S’.™''  changes  17  degrees  (hort 

numbrafdis  aelcending  Node,  the  Penumbra  P i8  juft 

atdi’^^ent*  northern  part  of  the  Earth’s  Difc, 

diftances  near  the  North  PoleiVj  and  as  feen  from  that 
Nodes.*’'  Moon  appears  to  touch  the  Sun,  but 

hides  no  part  of  him  from  fight.  Had  the  Change 
been  as  far  fliort  of  the  afcending  Node,  the  Pe- 
numbra would  have  touched  the  fouthern  part  of 
the  Difc  near  the  South  Pole  S.  When  the  Moon 
changes  12  degrees  fliort  of  the  defending  Node, 
more  than  a third  part  of  the  Penumbra  P 1 2 falls 
on  the  northern  parts  of  the  Earth  at  the  middle  of 
the  general  Eclipfe ; had  Ihe  changed  as  far  paft 
the  fame  Node,  as  much  of  the  other  fide  of  the 
Penumbra  about  P would  have  fallen  on  the  fouth- 
ern part  of  the  Earth  j all  the  reft  in  the  expanjumy 
or  open  fpace.  When  the  Moon  changes  6 de- 
grees from  the  Node,  almoft  the  whole  Penumbra 
P6  falls  on  the  Earth  at  the  middle  of  the  general 
Eclipfe.  And  laftly,  when  the  Moon  changes  in 
the  Node  at  W,  the  Penumbra  PN  takes  the 
longeft  courfe  poffible  on  the  Earth’s  Difcj  its 
center  falling  on  the  middle  of  it,  at  the  middle 
of  the  general  Eclipfe.  The  farther  the  Moon 
changes  from  either  Node,  within  17  degrees  of 
it,  the  ftiorter  is  the  Penumbra’s  continuance  on 
the  Earth,  becaufe  it  goes  over  a lefs  proportion  of 
the  Difc,  as  is  evident  by  the  Figure. 

TheEarth’s  342.  The  nearer  that  thePenumbra’s  center  is  to 
tbnhl^r  Equator  at  the  middle  of  the  general  Eclipfe, 
enithedu.  the  longer  is  the  duration  of  the  Eclipfe  at  all 
ration  of  fo-  pjaccs  whcrc  it  is  central:  becaufe,  the  nearer 

which  fall  that  any  place  is  to  the  Equator,  the  greater  is  the 
poh*’r°cirl*’'  Circle  it  defcribes  by  the  Earth’s  motion  on  its 
ties.  Axis;  and  fo,  the  place  moving  quicker,  keeps 
longer  in  the  Penumbra,  whofe  motion  is  the  fame 
way  with  that  of  the  place,  though  fafter,  as  has 
been  already  mentioned,  § 337.  Thus  (fee  the 
Earth  at  D and  the  Penumbra  at  12)  while  the 
point  b in  the  polar  Circle  abcd\%  carried  from  b 
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to  c by  the  Earth’s  diurnal  motion,  the  point  d on 
the  Tropic  of  Cancer  T is  carried  a much  greater 
length  from  ^ toD:  and  therefore,  if  the  Pen- 
umbra’s center  goes  one  time  over  r,  and  another 
time  over  D,  the  Penumbra  will  be  longer  in  pair- 
ing over  the  moving  place  d than  it  was  in  pafling 
over  the  moving  place  b.  Confequently,  central 
Eclipfes  about  the  Poles  are  of  the  Ihorteft  dura- 
tion; and  about  the  Equator,  the  longed. 

343.  In  the  middle  of  Summer,  the  whole  fri-  Andtbort- 
gid  Zone  included  by  the  polar  Circle  abcdis  en- 
lightened;  and  if  it  then  happens  that  the  Penum-  romcwhick 
bra’s  center  goes  over  the  North  Pole,  the  Sun  will  [hefrar-** 
be  eclipfed  much  the  fame  number  of  Digits  zia  dcs. 

as  at  c\  but  while  the  Penumbra  moves  eadward 
overr,  it  moves  wedward  over  becaufe,  with 
refpeft  to  the  Penumbra,  the  motions  of  a and  c are 
contrary:  for  c moves  the  fame  way  with  the  Pen- 
umbra toward  but  <2  moves  the  contrary  way 
toward  b-,  and  therefore  the  Eclipfe  will  be  of 
longer  duration  at  c than  at  a.  Kta  the  Eclipfe, 
begins  on  the  Sun’s  eadern  limb,  but  at  c on  his 
wedern  : at  all  places  lying  without  the  polar  Cir- 
cles, the  Sun’s  Eclipfes  begin  on  his  wedern  limb, 
or  near  it,  and  end  on  or  near  his  eadern.  At  thofe 
places  where  the  Penumbra  touches  the  Earth,  the 
Eclipfe  begins  with  the  rifing  Sun,  on  the  top  of 
his  wedern  or  uppermod  edge ; and  at  thofe  places 
where  the  Penumbra  leaves  the  Earth,  the  Eclipfe 
ends  with  the  fetting  Sun,  on  the  top  of  his  eadern 
edge,  which  is  then  the  uppermod,  jud  at  its  dif- 
appcaring  in  the  Horizon. 

344.  If  the  Moon  were  furrounded  by  an  At-  The  Moo« 
mofphere  of  any  confiderable  denfity,  it  would  mof"h 
feem  to  touch  the  Sun  a little  before  the  Moon 

m'ade  her  appulfe  to  his  edge,  and  we  fliould  fee  a 
little  faintnefs  on  that  edge  before  it  were  eclipfed 
by  the  Moon:  but  as  no  fuch  faintnefs  has  been 
obferved,  at  lead  fo  far  as  I ever  heard,  it  feems 
plain,  that  the  Moon  has  no  fuch  A tmofphere  as  that 
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Of  Eclipfes. 

of  the  Earth.  The  faint  ring  of  light  furrounding 
the  Sun  in  total  Eclipfes,  called  by  Cassini,  la 
Chevelure  dii  Soleily  feems  to  be  the  Atmofphere  of 
the  Sun;  becaufe  it  has  been  obferved  to  move 
equally  with  the  Sun,  not  with  the  Moon. 

345,  Having  faid  fo  much  about  Eclipfes  of 
the  Sun,  we  ftiall  drop  that  fubjefl  at  prefenr,  and 
proceed  to  the  doftrine  of  Lunar  Eclipfes:  which, 
being  more  fimplc,  may  be  explained  in  lefs 
time. 

That  the  Moon  can  never  be  eclipfed  but  at  the 
time  of  her  being  Full,  and  the  rcafon  whp  (he  is 
not  eclipfed  at  every  Full,  has  been  (hewn  already, 
§ 3 3 17.  Let  S be  the  Sun,  E the  Earth,  RR 
the  Earth’s  lhadow,  and  B the  Moon  in  oppofition 
to  the  Sun:  in  this  fituation  the  Earth  intercepts 
the  Sun’s  light  in  its  way  to  the  Moon ; and  when 
the  Moon  touches  the  Earth’s  lhadow  at  1;,  Ihe 
begins  to  be  eclipfed  on  her  eaftern  limb  x,  and 
continues  eclipfed  until  her  weftern  limbj  leaves 
the  fhadow  at  w;  at  5 fhe  is  in  the  middle  of  the 
fhadow,  and  confequently  in  the  middle  of  the 
Eclipfe. 

346.  The  Moon  when  totally  eclipfed  is  not  in- 
vifible,  if  fhe  be  above  the  Horizon  and  the  Sky 
be  clear;  but  appears  generally  of  a dufky  colour 
like  tarnilhed  copper,  which  fome  have  thought  to 
be  the  Moon’s  native  light.  But  the  true  caufe  of 
her  being  vifible  is  the  fcattered  beams  of  the  Sun, 
bent  into  the  Earth’s  fliadow  by  going  through  the 
Atmofphere;  which,  being  more  denfe  near  the 
Earth  than  at  confiderable  heights  above  it,  re- 
frads  or  bends  the  Sun’s  rays  more  inward,  § 179; 
and  thofe  which  pafs  neareft  the  Earth’s  furface, 
are  bent  more  than  thofe  rays  which  go  through 
higher  parts  of  the  Atmofphere,  where  it  is  lefs 
denfe,  until  it  be  fo  thin  or  rare  as  to  lofe 
its  refraftive  power.  Let  the  Circle  fgbi,  con- 
centric to  the  Earth,  include  the  Atmofphere, 
whofe  refradlive  power  vaniflies  at  the  heights/ 
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and  i ‘y  fo  that  the  rays  PFfw  and  Vi  v go  on 
ftrai^hc  without  fuffering  the  leaft  refradlipn  : But 
all  thofe  rays  which  enter  the  Atmofphere  between 
/and  ki  and  between  i and  I,  on  oppofite  Tides  of 
the  Earth,  are  gradually  more  bent  inward  as  they 
go  through  a greater  portion  of  the  Atmofphere, 
until  the  rays  IVk  and  VI  touching  the  Earth  at 
m and  k,  are  bent  fo  much  as  to  meet  at  a little 
ihort  of  the  Moon  j and  therefore  the  dark  lhadow 
of  the  Earth  is  contained  in  the  fpace  y 
where  none  of  the  Sun’s  rays  can  enter:  all  the 
reft  RRy  being  mixed  by  the  fcattered  rays  which 
are  refrafted  as  above,  is  in  fome  meafure  enlight- 
ened by  them;  and  fome  of  thofe  rays  falling  on 
the  Moon,  give  her  the  colour  of  tarnifiied  copper, 
or  of  iron  alnrtoft  red-hot.  So  that  if  the  Earth 
had  no  Atmofphere,  the  Moon  would  be  as  invi- 
fible  in  total  Eclipfes  as  fne  is  when  New.  If  the 
Moon  were  fo  near  the  Earth  as  to  go  into  its  dark 
lliadow,  fuppofe  about  p o,  flie  would  be  invifible 
during  her  ftay  in  it;  but  vifible  before  and  after 
in  the  fainter  lhadow  ^7?. 

34.7.  When  the  Moon  goes  through  the  center 
of  the  Earth’s  fhadow,  flie  is  diredly  oppofite  to 
the  Sun : yet  the  Moon  has  been  often  feen  to- 
tally eclipfed  in  the  Horizon  when  the  Sun  was 
alfo  vifible  in  the  oppofite  part  of  it:  for,  the  ho- 
rizontal refradion  being  almoft  34  minutes  of  a 
degree,  § 181,  and  the  diameter  of  the  Sun  and 
Moon  being  each  at  a mean  ftate  but  32  minutes, 
the  refradion  caufes  both  Luminaries  to  appear 
above  the  Horizon  when  they  are  really  below  it, 
§ 179- 

348.  When  the  Moon  is  Full  at  12  degrees 
from  either  of  her  Nodes,  fhe  juft  touches  the 
Earth’s  ftiadow,  but  enters  not  into  it.  Let  GH 
be  the  Ecliptic,  f/the  Moon’s  Orbit  where  ftie  is 
12  degrees  from  the  Node  at  her  Full;  c d her 
Orbit  where  fhe  is  6 degrees  from  the  Node,  a b 
her  Orbit  where  fhe  is  Full  in  the  Node,  A B the 
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Earth’s  {hadow,  and  M the  Moon.  When  the 
Moon  defcribesthe  line  e /,  flie  juft  touches  the 
(hadow,  but  does  not  enter  into  it;  when  (he  de- 
fcribes  the  line,  c dy  (he  is  totally,  though  not  cen- 
trally, imnner(ed  in  the  (hadow;  and  when  (he  de- 
fcribes  the  line  aby  (he  palTes  by  the  Node  at  TVf 
in  the  center  of  the  (hadow,  and  takes  the  longed 
line  po(Tible,  which  is  a diameter,  through  it:  and 
fuch  an  Eclipfe  being  both  total  and  central,  is  of 
the  longed  duration,  namely,  3 hours  57  minutes 
6 feconds  from  the  beginning  to  the  end,  if  the 
Moon  be  at  her  greateft  diftance  from  the  Earth: 
and  3 hours  37  minutes  26  feconds,  if  (he  be  at 
her  lead  diftance.  The  reafon  of  this  difference 
is,  that  when  the  Moon  is  fartheft  frcwm  the  Earth, 
fhe  moves  the  (loweft;  and  when  neared  to  it, 
quickeft. 

349.  The  Moon’s  diameter,  as  well  as  the  Sun’s, 
is  fuppofcd  to  be  divided  into  twelve  equal  parts 
called  Digits ; and  fo  many  of  thefe  parts  as  are 
darkened  by  the  Earth’s  (Inadow,  fo  many  Digits 
is  the  Moon  eclipfed.  All  that  the  Moon  is 
eclipfed  above  12  Digits,  fhew  how  far  the  (hadow 
of  the  Earth  is  over  the  body  of  the  Moon,  on 
that  edge  to  which  (he  is  neared  at  the  middle  of 
the  Eclipfe. 

350.  It  is  difficult  to  obferve  exaftly  either  the 
beginning  or  ending  of  a lunar  Eclipfe,  even  with 
a good  Telefcope;  becaufe  the  Earth’s  (hadow  is 
fo  faint  and  ill-defined  about  the  edges,  that  when 
the  Moon  is  either  juft  touching  or  leaving  it,  the 
obfeuration  of  her  limb  is  fcarce  fenfible;  and 
therefore  the  nicell:  obfervers  can  hardly  be  certain 
to  feveral  feconds  of  time.  But  both  the  be- 
ginning and  ending  of  folar  Eclipfes  are  vifibly 
inftantaneous;  for  the  moment  that  the  edge  of 
the  Moon’s  Difc  touches  the  Sun’s,  his  roundnefs 
feems  a little  broken  on  that  part;  and  the  moment 
(he  leaves  it,  he  appears  perfcdlly  round  again. 

351.  In 
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In  Aftronomy,  Eclipfes  of  the  Moon  are  Theufeof 
of  great  ufe  for  afcertaining  the  periods  of  her  ASSmy, 
motionsi  efpecially  fuch  Eclipfes  as  are  obferved  Geography, 
to  be  alike  in  all  circumftances,  and  have  long  “oiogy.”* 
intervals  of  time  between  them.  In  Geogra- 
phy, the  Longitudes  of  places  are  found  by 
Eclipfes,  as  already  (hewn  in  the  Eleventh  Chap- 
ter. In  Chronology,  both  folar  and  lunar  Eclipfes 
i'erve  to  determine  exa£Uy  the  time  of  any  paft 
event:  for  there  are  fo  many  particulars  ob- 
fervable  in  every  Eclipfe,  with  refpeft  to  its 
quantity,  the  places  where  it  is  vifible  (if  of  the 
Sun),  and  the  time  of  the  day  or  night;  that  it  is 
impoffible  there  can  be  two  folar  Eclipfes  in  the 
courfe  of  many  ages  which  are  alike  in  all  circum* 
ftances. 

352.  From  the  above  explanation  of  the  doc-  The  dark- 
trine  of  Eclipfes,  it  is  evident  that  the  darknefs  at  s1vi*our^ 
our  Saviour’s  Crucifixion  was  fupernatural.  For  Crucifixion, 
he  fufFered  on  the  day  on  which  the  Paflbver  was 
eaten  by  the  Jewsj  on  which  day  it  was  impoffible 
that  the  Moon’s  lhadow  could  fall  on  the  Earth; 
for  the  Jews  kept  the  Paflbver  at  the  time  of  Full 
Moon  : nor  does  the  darknefs  in  total  Eclipfes  of 
the  Sun  laft  above  four  minutes  in  any  place,  §333; 
whereas  the  darknefs  at  the  Crucifixion  lafted  three 
hours.  Matt,  xxviii.  15,  and  overfpread  at  leaft  all 
the  land  of  Judea„ 
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CHAP.  XIX. 

Shewing  the  Principles  on  which  the  following  Afiro*- 
nomical  Tables  are  conJlruSied,  and  the  Method  of 
calculating  the  Times  of  New  and  Full  Moons  and 
Eclipfes  by  them. 

353-  ^'T^H  E nearer  that  any  objed  is  to  the  eye 
J.  of  an  obferver,  the  greater  is  the  angle 
under  which  it  appears;  the  farther  from  the  eye, 
the  lefs. 

The  diameters  of  the  Sun  and  Moon  fubtend 
different  angles  at  different  times.  And,  at  equal 
intervals  of  time,  thefe  angles  are  once  at  the 
greateft,  and  once  at  the  leaft^  in  fomewhat  more 
than  a complete  revolution  of  the  Luminary 
through  the  Ecliptic,  from  any  given  fixed  Star  to 
the  fame  Star  again. — This  proves  that  the  Sun 
and  Moon  are  conftantly  changing  their  diftances 
from  the  Earth  ; and  that  they  are  once  at  their 
greateft  diftance,  and  once  at  their  Icaft,  in  little 
more  than  a complete  revolution. 

The  gradual  differences  of  thefe  angles  are  not 
what  they  would  be,  if  the  Luminaries  moved  in 
circular  Orbits,  the  Earth  being  fuppofed  to  be 
placed  at  fome  diftance  from  the  center : but  they 
agree  perfedly  with  elliptic  orbits,  fuppofing  the 
lower  focus  of  each  orbit  to  be  at  the  center  of  the 
Earth. 

The  fartheft  point  of  each  Orbit  from  the 
Earth’s  center  is  called  the  Apogee^  and  the  neareft 
point  is  called  the  Perigee. — Thefe  points  are  di- 
redly  oppofite  to  each  other. 

Aftronomers  divide  each  Orbit  into  12  equal 
parts,  called  Signs-,  each  fign  into  30  equal  parts, 
called  Degrees-,  each  degree  into  60  equal  parts, 
called  Minutes-,  and  every  minute  into  60  equal 
parrs,  called  Seconds.  The  diftance  of  the  Sun  of 
Moon  from  any  given  point  of  its  orbit,  is  rec- 
koned 
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koned  in  figns,  degrees,  minures,  and  feconds. 
Here  we  mean  the  dillance  ihac  the  Luminary  has 
moved  through  from  any  given  pointj  not  the 
fpace  it  is  Ikort  of  it  in  coming  round  again, 
though  ever  lo  little. 

The  diftance  of  the  Sun  or  Moon  from  its 
Apogee,  at  any  given  time,  is  called  its  mean  Ano- 
maly: fo  that,  in  the  Apogee,  the  Anomaly  is  no- 
thing; in  the  Perigee,  it  is  fix  figns. 

The  motions  of  the  Sun  and  Moon  are  ob- 
ferved  to  be  continually  accelerated  from  the  Apo- 
gee to  the  Perigee,  and  as  gradually  retarded  from 
the  Perigee  to  the  Apogee ; being  floweft  of  all 
when  the  mean  Anomaly  is  nothing,  and  fwiftefl: 
of  all  when  it  is  fix  figns. 

When  the  Luminary  is  in  its  Apogee  or  its  Pe- 
rigee, its  place  is  the  fame  as  it  would  be,  if  its 
motion  were  equable  in  all  parts  of  its  Orbit. — 
The  fuppofed  equable  motions  are  called  mean: 
the  unequable  arejuftly  called  the 

The  mean  place  of  the  Sun  or  Moon  is  always 
forwarder  than  the  true  place*,  while  the  Lumi- 
nary is  moving  from  its  Apogee  to  its  Perigee; 
and  the  true  place  is  always  forwarder  than  the 
mean,  while  the  Luminary  is  moving  from  its 
Perigee  to  its  Apogee. — In  the  former  cafe,  the 
Anomaly  is  always  Id's  than  fix  figns;  and  in  the 
latter  cafe,  more. 

It  has  been  found,  by  a long  feries  of  obferva- 
tions,  that  the  Sun  goes  through  the  Ecliptic, 
from  i\\tVernal Equinox  to  the  fame  Equinox  again, 
in  365  days  5 hours  48  minutes  55  feconds:  from 
^tar  of  Aries  10  the  fame  Star  again,  in  365 
days  6 hours  9 minutes'  24  feconds;  and  from  his 
Apogee  to  the  lame  again,  in  365days6  hours  I4mi^ 
nutesofeconds. — The  firft  of  thefe  is  called  the 60- 
lar  Tear^  the  fecond  the  SyderealTear^  and  the  third 

* The  point  of  the  Ecliptic  in  which  the  Sun  or  Moon  is 
at  any  given  moment  of  lime,  is  called  the  pUce  of  the  Sun 
or  Moon  at  that  lime. 
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the  Anomaliftie  Tear.  So  that  the  Solar  Year  is  10 
minutes  29  feconds  fhorter  than  the  Sydereal ; and 
the  Sydereal  Year  is  4 minutes  36  feconds  (horter 
than  the  Anomaliftie. — Hence  it  appears,  that  the 
EquinoSlial  Pointy  or  interfeftion  of  the  Ecliptic 
and  Equator  at  the  beginning  of  Aries,  goes  back- 
ward with  refpeft  to  the  fixed  Stars,  and  that  the 
Sun’s  Apogee  goes  forward. 

It  is  alfo  obferved,  that  the  Moon  goes  through 
her  Orbit,  from  any  given  fixed  Star  to.  the  fame 
Star  again,,  in  27  days  7 hours  43  minutes  4 fe- 
conds, at  a-  mean  rare:  from  her  Apogee  to  her 
Apogee  again,  in  27  days  13  hours  18  minutes 
43  feconds:  and  from  the  Sun  to  the  Sun  again, 
in  29  days  12  hours  44  minutes  3^V  feconds. — 
This  fhews,  that  the  Moon’s  Apogee  moves  for- 
ward in  the  Ecliptic,  and  that  at  a much  quicker 
rate  than  the  Sun’s  Apogee  does;  fince  the  Moon 
is  five  hours  55  minutes  39  feconds  longer  in  re- 
volving from  her  Apogee  to  her  Apogee  again, 
than  from  any  Star  to  the  fame  Star  again. 

The  Moon’s  Orbit  croflfes  the  Ecliptic  in  two 
oppofitc  points,  which  are  called  her  Nodes:  and 
it  is  obferved  that  (he  revolves  fooner  from  any 
Node  to  the  fame  Node  again,  than  from  any  Star 
to  the  fame  Star  again,  by  2 hours  38  minutes  27 
feconds,  which  fhews  that  her  nodes  move  back- 
ward, or  contrary  to  the  order  of  figns,  in  the 
Ecliptic. 

The  time  in  which  the  Moon  revolves  from  the 
Sun  CO  the  Sun  again  (or  from  change  to  change) 
is  called  a lAinaiion-,  which,  according  to  Ur. 
Pound’s  mean  meafures,  would  always  confift  of 
29  days  12  hours  44  minutes  j-.  feconds  2 thirds 
58  fourths,  if  the  motions  of  the  Sun  and  Moon 
were  always  equable*. — Hence,.  12  mean  Luna- 

* We  have  thought  proper  to  keep  by  Dr.  Pound'i  length 
of  a mean  Lunation,  becaufc  his  numbers  come  nearer  to 
the  times  of  the  ancient  Lclipfes,  than  Mayer'i  do,  without  aN 
lotving  for  the  Moon’s  acceleration. 
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t!ons  contain  354  days  8 hours  48  minutes  36 
feconds  35  thirds  40  fourths,  which  is  10  days  21  , 
hours  1 1 minutes  23  feconds  24  thirds  20  fourths 
lefs  than  the  length  of  a corrimon  Julian yeaY^  con- 
lifting  of  365  days  6 hours;  and  13  mean  Luna- 
tions contain  383  days  21  hours  32  minutes  39 fe- 
conds  38  thirds  38  fourths,  which  exceeds  the 
length  of  a comrtion  Julian  year  by  18  days  15 
hours  32  minutes  39  feconds  38  thirds  38  fourths. 

The  mean  time  of  New  Moon  being  found  for 
any  given  year  and  month,  as  fuppofe  {ox  March 
1700,  Old  Stile,  if  this  mean  New  Moon  falls  later 
than  the  iith  day  of  March y then,  12  mean  Luna- 
tions added  to  the  time  of  this  mean  New  Moon, 
will  give  the  time  of  the  mean  New  Moon  in 
March  1701,  after  having  thrown  off  365  days.— 
But,  when  the  mean  New  Moon  happens  to  be  be- 
fore the  I ith  of  Marchy  we  muft  add  13  mean  Lu- 
nations, in  order  to  have  the  time  of  mean  New 
Moon  in  March  the  year  following;  always  taking 
care  to  fubtradt  365  days  in  common  years,  and 
366  days  in  leap-years,  from  the  fum  of  this  addi- 
tion. 

Thus,  A.  D.  1700,  Old  Stile,  the  time  of  mean 
New  Moon  in  March  was  the  8th  day,  at  i6  hours 
II  minutes  25  feconds  after  the  noon  of  that  day 
{viz.  at  II  minutes  25  feconds  paft  IV.  in  the 
morning  of  the  9th  day  according  to  common 
reckoning).  To  this  we  muft  add  13  mean  Luna- 
tions, or  383  days  21  hours  32  minutes  39  feconds 
38  thirds  38  fourths,  and  the  fum  will  be  392 
days  13  hours  44  minutes  4 feconds  38  thirds  38 
fourths;  from  which  fubtradt  365  days,  becaufe 
the  year  1701  is  a common  year,  and  there  will 
remain  27  days  13  hours  44  minutes  4 feconds  38 
thirds  38  fourths  for  the  time  of  mean  New  Moon 
in  March y A.  D.  1701. 

Carrying  on  this  addition  and  fubtradlion  till 
A.  D.  1703,  we  find  the  time  of  mean  New 
I^oon  in7k^rr^thatyear,to  be  on  the  6th  day,  aty 
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hours  21  minutes  17  feconds  49  thirds  46  fourths 
pall  noon-,  to  which  add  13  mean  Lunations,  and 
the  fum  will  be  390  days  4 hours  53  minutes  57 
feconds  2S  thirds  20  fourths;  from  which  fubtrat^ 
36b  days,  becaufe  the  year  1704  is  a leap-year,  and 
there  will  remain  24  days  4 hours  53  minutes  57 
feconds  28  thirds  20  fourths,  for  the  time  of  mean 
New  Moon  in  March ^ A.  D.  1704. 

In  this  manner  was  the  firft  of  the  following 
Tables  conftrufled  ro  feconds,  thirds,  and  fourths? 
and  then  wrote  out  to  the  neared  feconds. — The 
reafon  why  we  chofe  to  begin  the  year  with  Marchy 
was  to  avoid  the  inconvenience  of  adding  a day  to 
the  tabular  time  in  leap-years  after  Februar)\  or 
fubtradling  a day  therefrom  in  January  and  Febru- 
ary in  thofe  years ; to  which  all  tables  of  this  kind 
are  fubjedl,  which  begin  the  year  with  January,  in 
calculating  the  times  of  New  or  Full  Moons. 

The  mean  Anomalies  of  the  Sun  and  Moon,  and 
the  Sun’s  mean  motion  from  the  Afcending  Node 
of  the  Moon’s  Orbit,  are  fet  down  in  Table  III. 
from  one  to  13  mean  Lunations. — Thefe  Num- 
bers, for  13  Lunations,  being  added  to  the  radical 
Anomalies  of  the  Sun  and  Moon,  and  to  the  Sun’s 
mean  didance  from  the  afcending  Node,  at  the 
timeof  mean  New  Moon  in  March  1700,  (Tablel.) 
willgivctheir  mean  Anomalies,and  theSun’s  mean 
didance  from  the  Node,  at  the  time  of  mean  New 
Moon  in  March  1701;  and  being  added  for  r2 
Lunations  to  thofe  for  1701,  give  them  for  the 
time  of  mean  New  Noon  in  March  1702.  And 
fo  on,  as  far  as  you  pleafe  to  continue  the  Table 
(which  is  here  carried  on  to  the  year  1800)  always 
throwing  off  12  figns  when  their  lum  exceeds  12, 
and  letting  down  the  remainder  as  the  proper 
quantity. 

If  the  Numbers  belonging  to  A.  D.  ^joo  (in 
Table  I.)  be  fubtradled  from  thofe  belongmg  to 
I Boo,  we  Hiall  have  their  whole  differences  in 
complete  Julian  years?  which  accordingly  we  fin’d 
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to  be  4 days  8 hours  lO  minutes  52  feconds  15 
thirds  40  fourths,  with  rdpefl  to  the  time  of  mean 
New  Moon. — Thefe  being  added  together  60  times 
(always  taking  care  to  throw  off  a whole  Lunation 
when  the  days  exceed  29I)  making  up  60  centu- 
ries, or  6000  years,  as  in  Table  VI.  which  was 
carried  on  to  feconds,  thirds,  and  fourths;  and 
then  wrote  out  to  the  neardt  feconds.  In  the  fame 
manner  were  the  refpedtive  Anomalies  and  the  Sun’s 
diftance  from  the  Node  found,  for  thefe  centurial 
years ; and  then  (for  want  of  room)  wrote  out  only 
to  the  neareft  minutes,  which  is  fufficient  in  whole 
centuries. — By  means  of  thefe  two  T ables,  we  may 
find  the  time  of  any  mean  New  Moon  in  March, 
together  with  the  Anomalies  of  the  Sun  and  Moon, 
and  the  Sjun’s  diftance  from  the  Node,  at  thefe 
times,  within  the  limits  of  6000  years,  either  be«- 
fore  or  after  any  given  year  in  the  i8th  century; 
and  the  mean  time  of  any  New  or  Full  Moon  in 
any  given  month  after  March,  by  means  of  the 
third  and  fourth  Tables,  within  the  fame  limits,  as 
fhewn  in  the  precepts  for  calculation. 

Thus  it  would  be  a very  eafy  matter  to  calculate 
the  time  of  any  New  or  Full  Moon,  if  the  Sun 
and  Moon  moved  equably  in  all  parts  of  their 
Orbits. — But  we  have  already  Ihewn  that  their 
places  are  never  the  fame  as  they  would  be  by 
equable  motions,  except  when  they  are  in  Apogee 
or  Perigee;  which  is,  when  their  mean  Anomalies 
are  either  nothing,  or  fix  figns:  and  that  their 
mean  places  are  always  forwarder  than  their  true 
places,  while  the  Anomaly  is  lefs  than  fix  fignsj 
and  their  true  places  are  forwarder  than  the  mean, 
while  the  Anomaly  is  more. 

Hence  it  is  evident,  that  while  the  Sun’s  Ano- 
maly is  lefs  than  fix  figns,  the  Moon  will  overtake 
him,  or  beoppofite  to  him,  fooner  ihanlhe  could 
if  his  motion  were  equable;  and  later  while  his 
Anomaly  is  more  than  fix  figns. — The  greateft  dif- 
ference that  can  poffibly  happen  between  the  mean 
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and  true  time  ofNew  or  Full  Moon,  on  account 
of  the  inequality  of  the  Sun’s  motion,  is  3 hour^ 
48  minutes  28  feconds ; and  that  is,  when  the 
Sun’s  Anomaly  is  either  3 figns  i degree,  or  8 figns 
29  degrees fooner  in  the  firft  cafe,  and  later  in  the 
laft. — In  all  other  figns  and  degrees  of  Anomaly, 
the  difference  is  gradually  lefs,  and  vanifhes  when 
the  Anomaly  is  either  nothing  or  fix  figns. 

The  Sun  is  in  his  Apogee  on  the  30th  of  ' 
and  in  his  Perigee  on  the  30th  of  Becembery  in  the 
prefent  age : fo  that  he  is  nearer  the  Earth  in  our 
winter  than  in  our  fummer.  The  proportiona^ 
difference  of  diftance,  deduced  from  the  difference 
of  the  Sun’s  apparent  diameter  at  thefe  times,  is 
as  983  to  1017. 

The  Moon’s  orbit  is  dilated  in  winter,  and  con- 
trafted  in  fummer  j therefore,  the  Lunations  arc 
longer  in  winter  than  iu  fummer,  The  greateft 
difference  is  found  to  be  22  minutes  29  feconds  j 
the  Lunations  incrcafing  gradually  in  length  while 
the  Sun  is  moving  from  his  Apogee  to  his  Perigee, 
and  decreafing  in  length  while  he  is  moving  from 
his  Perigee  to  his  Apogee.— On  this  account,  the 
Moon  will  be  later  every  time  in  coming  to  her 
conjundtion  with  the  Sun,  or  being  in  oppofition 
to  him,  from  December  till  Juncy  and  fooner  from 
fune  to  December y than  if  her  orbit  had  continued 
of  the  fame  fizc  all  the  year  round. 

As  both  thefe  differences  depend  on  the  Sun’s 
Anomaly,  they  may  be  fitly  put  together  into  one 
Table,  and  called  Theannualy  or  firft  equatioif  of  the. 
mean  to  the.  true  * fyzygy  (fee  Table  VII.).  This 
equational  difference  is  to  be  fubtradled  from  the 
time  of  the  rpean  fyzygy  when  the  Sun’s  Anomaly 
is  lefs  than  fix  figns,  and  added  when  the  Anomaly 
is  more. — At  the  greateft,  it  is  4 hours  10  minutes 
57  feconds,  viz.  3 hours  48  minutes  28  feconds, 
On  account  of  th6  Sun’s  unequal  motion,  and  2Z 

* The  word  fyzygy  fignifies  both  the  cpnjundlion  and  oppo» 
fition  of  the  Sua  and  Moqp, 
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minutes  29  feconds,  on  account  of  the  dilatation  of 
the  Moon’s  orbit. 

This  compound  equation  would  be  fufficlent  for 
reducing  the  mean  time  of  New  or  Full  Moon  to 
the  true  time,  if  the  Moon’s  orbit  were  of  a cir- 
cular form,  and  her  motion  quite  equable  in  it. — 
But  the  Moon’s  Orbit  is  more  elliptical  than  the 
Sun’s,  and  her  motion  in  it  fo  much  the  more  un- 
equal. The  difference  is  fo  great,  that  Ihe  is  fome- 
times  in  conjundion  with  the  Sun,  or  in  oppofi- 
tion  to  him,  fooner  by  9 hours  47  minutes  54  fe- 
conds, than  file  would  be  if  her  motion  were 
equable;  and  at  other  times  as  much  later. — The 
former  happens  when  her  mean  Anomaly  is  9 figns 
4 degrees,  and  the  latter  when  it  is  2 figns  26  de- 
grees. ^ee  Table  IX. 

At  differentdiftances  of  the  Sun  from  the  Moon’s 
Apogee,  the  Figure  of  the  Moon’s  Orbit  becomes 
different. — It  is  longed  of  all,  or  mod  excentric, 
when  the  Sun  is  in  the  fame  fign  and  degree  either 
with  the  Moon’s  Apogee  or  Perigee;  fliorted  of 
all,  or  lead  excentric,  when  the  Sun’s  didance 
from  the  Moon’s  Apogee  is  either  three  figns  or 
nine  figns;  and  at  a mean  date  when  the  didance 
is  either  i fign  15  degrees,  4 figns  15  degrees,  7 
figns  15  degrees,  or  10  figns  15  degrees. — When 
the  Moon’s  Orbit  is  at  its  greated  excentricity,  her 
apogeal  didance  from  the  Earth’s  center  is  to  her 
perigeal  didance  from  it,  as  1067  is  to  933;  when 
lead  excentric,  as  1043  is  to  957;  and  when  at 
the  mean  date,  as  1055  is  to  945. 

But  the  Sun’s  didance  from  the  Moon’s  Apogee 
is  equal  to  the  quantity  of  the  Moon’s  mean  Ano- 
maly at  the  time  of  New  Moon,  and  by  the  addi- 
tion of  fix  figns,  it  becomes  equal  in  quantity  to 
the  Moon’s  mean  Anomaly  at  the  time  of  Full 
Moon. — Therefore  a table  may  becondrudedfo  as 
to  anfwer  all  the  various  inequalities  depending 
on  the  different  excentricities  of  the  Moon’s  Orbir, 
ii)  the  fyzygiesj  and  called  The  Jecond  equation  of 
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the  mean  to  the  true fyzygy  (fee  Table  IX.)  ; and  tliC 
Moon’s  Anomaly,  when  equated  by  Table  Vill. 
may  be  made  the  proper  argument  for  taking  out 
this  fecond  equation  of  time,  which  mufl  be  added 
to  the  former  equated  time,  when  the  Moon’s  Ano- 
maly is  lefs  than  fix  figns,  and  fubtradted  when  the 
Anomaly  is  more. 

Therearefeveral  other  inequalities  in  the  Moon’s 
motion,  which  fomecimes  bring  on  the  true  fyzygy 
a little  fooner,  and  at  other  times  keep  it  back  a ' 
little  later  than  it  would  otherwife  be;  but  they 
are  fo  fmall,  that  they  may  be  all  omitted  except 
two;  the  former  of  which  (/ee  Table  X.)  depends 
on  the  difference  betw'een  the  Anomalies  of  theSun 
and  Moon  in  the  fyzygies,  and  the  latter  {^fee 
Table  XL)  depends  on  the  Sun’s  diflance  from 
the  Moon’s  Nodes  at  thefe  times. — The  greateft 
difference  arifing  from  the  former,  is  4 minutes  58 
leconds  j and  from  the  latter,  i minute  34  feconds. 

Having  deferihed  the  Phenomena  arifing  from  the  ine- 
qualities of  the  Solar  and  Lunar  Motions^  we  Jhall 
now  fhew  the  reefens  of  thefe  inequalities. 

In  all  calculations  relating  to  the  Sun  and 
Moon,  we  confider  the  Sun  as  a moving  body,  and 
the  Earth'  as  a body  at  reft;  fince  all  the  Appear- 
ances are  the  fame,  whether  it  be  the  Sun  or  the 
Earth  that  moves. — But  the  truth  is,  that  the  Sun 
is  at  reft,  and  the  Earth  moves  round  him  once  a 
year,  in  the  planeof  the  Ecliptic.  Therefore,  what- 
ever fign  and  degree  of  the  Ecliptic  the  Earth  is 
in,  at  any  given  time,  the  Sun  will  then  appear 
to  be  in  the  oppofite  fign  and  degree. 

The  nearer  that  any  body  is  to  the  Sun,  the 
more  it  is  attraffed  by  him;  and  this  attradion 
increafes  as  the  fquare  of  the  diftance  diminilTiesj 
and  vice  verja. 

The  Earth’s  annual  Orbit  is  elliptical,  and  the 
Sun  is  placed  in  one  of  its  focufes.  The  remoteft 
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point  of  the  Earth’s  Orbit  from  the  Sun  is  called 
Hhe  Earth' s A-phelion',  and  the  neareft  point  of  the 
Earth’s  Orbit  to  the  Sun  is  called  Hhe Earth's  ?e- 
rihelion.—y^htn  the  Earth  is  in  its  Aphelion,  the 
Sun  appears  to  be  in  its  Apogee  j and  when  the 
Earth  is  in  its  Perihelion,  the  Sun  appears  to  be 
in  its  Perigee. 

As  the  Earth  moves  from  its  Aphelion  to  its 
Perihelion,  it  is  conftantly  more  and  more  at- 
tracted by  the  Sun  ; and  this  attraftion,  by  con- 
fpiring  in  fome  degree  with  the  Earth’s  motion, 
mud  neceiGTarily  accelerate  it.  But  as  the  Earth 
rnoves  from  its  Perihelion  to  its  Aphelion,  it  is 
continually  lefs  and  lels  attracted  by  the  Sun;  and 
as  this  attradion  ads  then  juft  as  much  againft  the 
Earth’s  motion,  as  it  a6led  for  it  in  the  other  half 
of  the  Orbit,  it  retards  the  motion  in  the  like  de- 
gree.— The  fafter  the  Earth  moves,  the  fafter  will 
the  Sun  appear  to  move-,  the  flower  the  Earth 
moves,  the  flower  is  the  Sun’s  apparent  motion. 

The  Moon’s  Orbit  is  alfo  elliptical,  and  the 
Earth  keeps  conftantly  in  one  of  its  focufes.— 
The  Earth’s  attradion  has  the  fame  kind  of  in- 
fluence on  the  Moon’s  motion,  as  the  Sun’s  at- 
tradion has  on  the  motion  of  the  Earth  ; and 
therefore,  the  Moon’s  motion  muft  be  continu- 
ally accelerated  while  Ihe  is  palTing  from  her  Ap9- 
gee  to  her  Perigee ; and  as  gradually  retarded  m 
moving  from  her  Perigee  to  her  Apogee. 

At  the  time  of  New  Moon,  the  Moon  is  nearer 
the  Sun  than  the  Earth  is  at  that  time,  by  the 
whole  femidiameter  of  the  Moon’s  Orbit;  which, 
at  a mean  ftate,  is  240,000  miles;  and  at  the 
Full,  flie  is  as  much  farther  from  the  Sun  than 
the  Earth  then  is.  — Confequently,  the  Sun  at- 
trads  the  Moon  more  than  it  attrads  the  Earth 
in  the  former  cafe,  and  lefs  in  the  latter.  The 
difference  is  greateft  when  the  Earth  is  neareft  the 
Sun,  and  lead  when  it  is  fartheft  from  him.  The 
obvious  refult  of  this  is,  that  as  the  Earth  is  neareft 
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to  the  Sun  in  winter,  and  farthea  from  him  ini 
fummer,  the  Moon’s  Orbit  mua  be  dilated  ini 
winter,  and  cont^rafled  in  fummer. 

Thefe  are  the  principal  caufes  of  the  difference 
of  time,  that  generally  happen  between  the  mean 
and  true  times  of  conjun6lion  or  oppofition  of  the 
Sun  and  Moon.  As  to  the  other  two  differences 
•viz.  thofc  which  depend  on  the  difference  betweeiv 
the  Anomalies  of  the  Sun  and  Moon,  and  upon 
the  Sun’s  diffance  from  the  lunar  Nodes,  in  the 
fyzygies,  they  are  owing  to  the  different  degrees 
of  attradlion  of  the  Sun  and  Earth  upon  the 
Moon,  at  greater  or  lefs  diffances,  according  to 
their  refpe^live  Anomalies,  and  to  the  pofition  of 
the  Moon’s  Nodes  with  refpeft  to  the  Sun. 

If  ever  it  ftiould  happen,  that  the  Anomalies  of 
both  the  Sun  and  Moon  were  either  nothing  or  fi^ 
figns,  at  the  mean  time  of  New  or  Full  Moon, 
and  the  Sun  fhould  then  be  in  conjundion  with  ei- 
ther of  the  Moon’s  Nodes,  all  the  above-mentioned 
equations  would  vanifh,  and  the  mean  and  true 
time  of  the  fyzygy  would  coincide.  But  if  ever 
this  circumftance  did  happen,  we  cannot  expeft 
the  like  again  in  many  ages  afterward. 

Every  49th  Lunation,  (or  Courfe  of  the  Moon 
from  Change  to  Change)  returns  very  nearly  to 
the  fame  time  of  the  day  as  before.  For,  in  49 
mean  Lunations  there  are  1446  days  23  hours  58 
minutes  29  feconds  25  thirds,  which  wants  but  r 
minute  30  feconds  34  thirds  of  1477  days. 

In  2953059085108  daySjthereare  loooooooooco 
mean  Lunations  exa£lly:  and  this  is  the  fmalleft 
number  of  natural  days  in  which  any  exa£t  num'^ 
ber  of  mean  Lunations  are  completed. 
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table  I.  The  mean  Time  of  Nenv  Moon  in  March,  Old  Stile',  <with  the  mean 
Jnomalies  of  the  Sun  and  Moon,  and  the  Sun's  mean  Difance  from  the  Moon's 
Afcending  Node^  from  A,  D.  1 700  /o  A.  D.  1 800  inclufive. 
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TABLE  IV.  The  Days  of  the  Tear,  reckoned  from  the 
beginning  of  March. 
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o> 

March. 

April. 

May. 

June. 
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c 
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■-f 

c 

Si 

-1 

*-| 

1 

1 

' 

32 

62 

93I 

123 

1 3 4- 

•85 

215 

246 

276 

307! 338 

2 

2 

33 

63 

94 

1 24 

'55 
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22 

53 

83 

114 

‘44 

‘75 

206 

236 

267 

297 

328 

359 

23 

23 

54 

84 
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TABLE  V.  Mean 

Lunations  from 

1 to 

0 
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0 
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0 
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M. 

s. 
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TABLE  VI.  The  fir Jl  mean  Nenu  Moon,  ivith  the  mean  Anotna- 
lies  of  the  Sun  and  Moon,  and  the  Sun's  mean  Difiance  from  the 
A/cending  Node,  next  after  complete  Centuries  of  Julian  years. 
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Sun 

's  mean 

Moon’s  mean 

Sun  from 

Luna- 

tions. 

n c 
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Node. 
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s 
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s 
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t 
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0 

3 

21 

8 

>5 

22 

4 

19 

27 
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0 

6 

42 

5 

o_ 

44 

9 

8 

55 
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0 

10 

3 

I 

16 

6 

I 

28 

22 
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0 

13 

24 

10 

I 

28 

6 
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49 
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0 

16 

46 

6 

16 

5° 
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7 

16 
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600 
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0 

20 
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3 

2 
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3 

26 

44 
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24 

22 

10 

21 

45 

7 

15 

31 
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800 
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27 

43 
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7 

7 

0 

4 

58 
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0 
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32 
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16 

26 
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20 
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0 
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19 

47 
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5 

59 
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25 

27 

29685 
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15  14  8 45 

1 1 

23 
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9 
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14 

54 
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6 

6 
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4 

22 
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50 

2 
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23 

49 
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7 

26 
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13 

16 

34632 
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! 
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26 
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3 
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1 
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10 

47 
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21 

30 
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12  2 29  56 
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H 
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27 

43 
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10 

58 
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}7 

3c 
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0 

25 

1 3958c 
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TABLE  VI.  concluded. 


Luna- 

tions. 

Julian 

years. 

Firft 

New  Moon. 

Sun’s  mean 
Anomaly. 

Moon’s  mean 
Anomaly. 

Sun’smeanDift. 
from  Node, 

D. 

H.  M. 

S. 

s 

0 

t 

s - 

0 

s 

6 

1 

40817 

3300 

25 

3 

2 

33 

1 1 

24 

12 

I 

13 

49 

5 

9 

20 

42054 

3400 

29 

II 

13 

25 

1 1 

^7 

33 

9 

29 

1 1 

9 

28 

47 

43290 

3500 

4 

6 

40 

14 

1 1 

I 

48 

5 

.18 

44 

1 

17 

34 

44527 

3600 

8 

14  51 

6 

1 1 

5 

9 

2 

4 

6 

6 

7 

I 

45764I3700 

12 

23 

I 

59 

1 1 

8 

30 

10 

19 

28 

10 

z6 

29 

47001:3800 

17 

7 

12 

5» 

1 1 

1 1 

SI 

7 

4 

5° 

3 

IS 

56 

48238 

3900 

21 

15 

23 

43 

1 1 

>5 

'12 

3 

20 

12 

8 

5 

23 

49475 

4000 

25 

23 

34 

35 

1 1 

18 

33 

0 

5 

34 

0 

24 

50 

507 1 1 

4100 

0 

•9 

1 

27 

10 

22 

48 

7 

25 

7 

4 

13 

37 

51948 

4200 

5 

3 

12 

17 

10 

26 

9 

4 

10 

29 

9 

3 

5 

53185:4300 

6 

1 1 

23 

9 

10 

29 

3‘ 

0 

25 

51 

I 

22 

32 

54422, 4400 

>3 

19 

34 

I 

1 1 

2 

52 

9 

1 1 

13 

6 

II 

59 

S5659L500 

18 

3 

44  54 

1 1 

6 

13 

5 

26 

35 

1 1 

I 

27 

56896:4600 

22 

1 1 

55  46 

1 1 

9 

34 

2 

1 1 

57 

3 

20 

54 

58133I4700 

26 

20 

6 

38 

1 1 

12 

55 

10 

27 

19 

8 

10 

21 

593694800 

I 

15 

33 

27 

10 

17 

9 

6 

16 

52 

1 1 

29 

8 

6o6o6'49oo 

5 

23 

44 

20 

10 

20 

3> 

3 

2 

14 

4 

18 

36 

61843I5000 

10 

7 

55 

12 

10 

23 

52 

1 1 

17 

36 

9 

8 

3 

63080 

5100 

16 

6 

4 

10 

27 

13 

8 

2 

58 

I 

27 

30 

64317 

5200 

•9 

0 

16  56 

1 1 

0 

34 

4 

18 

20 

6 

16 

57 

%.554|s300 

23 

8 

27 

49 

1 1 

3 

55 

I 

3 

42 

1 1 

6 

25 

6679i'540o 

27 

16  38  41 

1 1 

7 

16 

9 

19 

4 

2 

25 

52 

68028^5500 

2 

1 2 

5 

30 

10 

1 1 

31 

5 

8 

37 

7 

14 

39 

^9265,5600 

6 

20 

16 

22 

10 

14 

52 

1 

23 

59 

0 

4 

6 

1 

70502I5700 

11 

4 

27 

‘5 

10 

18 

14 

10 

9 

21 

4 

23 

34 

717395800 

15 

1 2 

38 

7 

10 

21 

35 

6 

24 

43 

9 

13 

j 

729765900 

*9 

20 

48  59 

10 

24 

56 

3 

10 

5 

2 

2 

28 

74212  600c 

24 

4 

59 

52 

10 

28 

17 

1 1 

25 

27 

6 

21 

56 

If  Dr.  Pound's  mean  Lunation  (which  we  have  kept  by  in  mak- 
ing thefe '1  ables)  be  added  74212  times  to  itfelf,  the  fum  will 
amount  to  6000  Julian  years  24  days  4 hours  59  minutes  51  fe- 
conds  40  thirds  ; agreeing  with  the  firft  part  of  the  laft  line  of  this 
table,  within  half  a fecond. 
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Tfl  calculate  the  true  time  of  New  or  Full  Moon, 

Precept  I.  If  the  required  time  be  within  the 
limits  of  the  1 8 th  century,  write  out  the  mean  time 
of  New  Moon  in  March,  for  the  propofed  year, 
from  Table  I.  in  the  Old  Stile,  or  from  Table  II. 
in  the  New;  together  with  the  mean  Anomalies 
of  the  Sun  and  Moon,  and  the  Sun’s  mean  Dif- 
tance  from  the  Moon’s  afcending  Node.  If  you 
want  the  time  of  Full  IMoon  in  P^a7ch,  add  the 
half  Lunation  at  the  foot  of  Table  111.  with  its 
Anomalies,  &c.  to  the  former  numbers,  if  the 
New  Moon  falls  before  the  15th  of  March-,  but 
if  it  falls  after,  fubtraft  the  half  Lunation,  with 
the  Anomalies,  &c.  belonging  to  it,  from  the  for- 
mer numbers,  and  write  down  the  refpedlive  fum.s 
or  remainders.  _ ' 

II.  In  thefe  additions  or  fubtra61:ions,  obferve, 
that  60  feconds  make  a minute,  60  minutes  make 
a degree,  30  degrees  make  a fign,  and  12  figns 
make  a circle.  When  you  exceed  i 2 figns  in  ad- 
dition, rejed  i2,  and  fet  down  the  remainder. — 
When  the  number  of  figns  to  be  fubtraded  is 
greater  than  the  number  you  fubtrad  from,  add 
12  figns  to  the  lefifer  number,  and  then  you  will 
have  a remainder  to  fet  down. — In  the  Tables, 
figns  are  marked  thus%  degrees  thus°,  minutes 
thus',  and  feconds  thus". 

Ill;  When  the  required  Newer  Full  Moon  is 
in  any  given  month  after  March,  write  out  as  many 
Lunations,  with  their  Anomalies,  and  the  Sun’s 
diftan'ce  from  the  Node,  from  Table  III.  as  the 
given  month  is  ?Sx.tx  March-,  fetting  them  in  order 
below  the  numbers  taken  out  for  March. 

IV.  Add  all  thefe  together,  and  they  will  give 
the  mean  time  of  the  required  New'  or  Full  Moon, 
with  the  Mean  Anomalies  and  Sun’s  mean  diftance 
from  the  afcending  Node,  which  are  the  Argu- 
ments for  finding  the  proper  Equations. 

V.  With 
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V.  With  the  number  of  days  added  together, 
enter  Table  IV.  under  the  given  month;  and 
againft  that  number  you  have  the  day  of  mean 
New  or  Full  Moon  in  the  left  hand  column,  which 
fet  before  the  hours,  minutes,  and  feconds,  already 
found. 

But  (as  it  will  fometimes  happen)  if  the  faid 
number  of  days  fall  fhort  of  any  in  the  column 
under  the  given  month,  add  one  Lunation  and  its 
Anomalies,  &c.  (from  Table  III.)  to  the  forefaid 
fums,  and  then  you  will  have  a new  fum  of  days 
•wherewith  to  enter  Table  IV.  under  the  given 
month,  where  you  are  fure  to  find  it  the  fecond 
time,  if  the  firft  falls  fhort, 

VI.  With  the  figns  and  degrees  of  the  Sun’s 
Anomaly,  enter  Table  VII.  and  therewith  take 
out  the  annual  or  firft  Equation  for  reducing  the 
mean  Syzygy  to  the  true;  taking  care  to  make 
proportions  in  the  Table  for  the  odd  minutes  and 
feconds  of  Anomaly,  as  the  T able  gives  the  Equa- 
tion only  to  whole  degrees. 

Obferve,  in  this  and  every  other  cafe  of  finding 
Equations,  that  if  the  figns  are  at  the  head  of  the 
Table,  their  degrees  are  at  the  left  hand,  and  are 
reckoned  downward;  but  if  the  figns  are  at  the 
foot  of  the  Table,  their  degrees  are  at  the  right 
hand,  and  are  counted  upward;  the  equation  be- 
ing in  the  body  of  the  Table,  under  or  over  the 
figns,  in  a collateral  line  with  the  degrees. — The 
titles  Add  or  SubtraSf  at  the  head  or  foot  of  the 
Tables  where  the  figns  are  found,  flrew  whether 
' the  Equation  is  to  be  added  to  the  mean  time  of 
New  or  Full  Moon,  or  to  be  fubtradted  from  it. 
In  this  Table,  the  Equation  is  to  be  fubtradled 
if  the  figns  of  the  Sun’s  Anomaly  are  found  at 
the  head  of  the  Table;  but  it  is  to  be  added,  if 
the  figns  are  at  the  foot. 

VII.  With  the  figns  and  degrees  of  the  Sun’s 
mean  Anomaly,  enter  'Fable  VIII.  and  take  out 
the  Equation  of  the  Moon’s  mean  Anomaly;  fub- 
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traft  this  Equation  from  her  mean  Anomaly,  if  the 
fio-ns  of  the  Sun’s  Anomaly  be  at  the  head  of  the 
Table,  but  add  it  if  they  are  at  the  footj  the  re- 
fult  will  be  the  Moon’s  equated  Anomaly,  with 
which  enter  Table  IX,  and  take  out  the  fecond 
Equation  for  reducing  the  mean  to  the  true  time 
of  New  or  Full  Moon;  adding  this  Equation,  if 
the  figns  of  the  Moon’s  Anomaly  are  at  the  head 
of  the  Table,  but  fubtradling  it  if  they  are  at  the 
foot,  and  the  refult  will  give  you  the  mean  time  of 
the  required  New  or  Full  Moon  twice  equated, 
which  will  be  fufficiently  near  for  common  alma- 
nacks.— But  when  you  want  to  calculate  an  Eclipfe, 
the  following  Equations  muft  be  ufed:  thus, 

Vin.  Subtradl  the  Moon’s  equated  Anomaly 
from  the  Sun’s  mean  Anomaly,  and  with  the  re- 
mainder in  figns  and  degrees,  enter  Table  X,  and 
take  out  the  third  Equation,  applying  it  to  the 
former  equated  time,  as  the  titles  ^dd  of  SiiblraEt 
do  dire(5t. 

IX.  With  the  Sun’s  mean  diftance  from  the 
afcending  Node  enter  Table  XI,  and  take  out  the 
Equation  anfwering  to  that  argument,  adding  it  to, 
or  fubtrading  it  from,  the  former  equated  time,  as 
the  titles  dired,  and  the  refult  will  give  the  time 
of  New  or  Full  Moon,  agreeing  with  well  regu- 
lated clocks  or  watches,  very  near  the  truth.  Bur, 
to  make  it  agree  with  the  Iblar,  or  apparent  time, 
apply  the  Equation  of  natural  days,  found  in  the 
Tables  (from  page  163  to  page  175)  as  it  is  Leap- 
year,  or  the  firft,  fecond,  or  third  after. 

The  method  of  calculating  the  time  cf  any  New 
or  full  Moon  without  the  limits  of  the  18th  cen- 
tury, will  be  fhown'further  on.  And  a few  Ex- 
amples, compared  with  the  Precepts,  will  make 
the  whole  work  plain. 

W.  B.  The  Tables  begin  the  day  at  noon,  and 
reckon  forward  from  thence  to  the  noon  follow- 
^ mg.— Thus,  March  the  3 1 ft,  at  22  h.  3omin. 25  fee. 
of  tabular  time,  is  i ft  (in  common  reckoning) 

at  30  min.  25  fee.  after  10  o’clock  in  the  morning. 
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To  calculate  the  time  of  New  and  Full  Moon  in  a given  year 
and  month  of  any  particular  century  between  the  Chrijiian 
Mra  and  the  \%th  century. 

Precept  I.  Find  a year  of  the  fame  number  in  the  i8th 
century  with  that  of  the  year  in  the  century  propofed,  and 
take  out  the  mean  Time  of  New  Moon  in  March,  Old  Stile, 
for  that  year,  with  the  mean  Anomalies  and  Sun’s  mean 
Diftance  from  the  Node  at  that  time,  as  already  taught. 

II.  Take'  as  many  complete  centuries  of  years  from 
Table  VI.  as,  when  fubtrafted  from  the  abovefaid  year  in 
the  1 8th  century,  will  anfwer  to  the  given  yejr;  and  take 
out  the  firft  mean  New  Moon  and  its  Anomalies,  &c.  be- 

Y longing 


$i2  Trecepts  and  Examples 

longing  to  the  faid  centuries,  and  fet  them  below  thofc 
taken  out  for  March  in  the  i8th  century, 

III.  Subtraft  the  numbers  belonging  to  thefe  centuries, 
from  thofe  of  the  i8th  century,  and  the  remainders  will  be 
the  mean  Time  and  Anomalies,  &c.  of  New  Moon  in 
March^  in  the  given  year  of  the  century  propofed. — Then, 
work  in  all  refpefts  for  the  true  time  of  New  or  Full  Moon, 
as  fhewn  in  the  above  Precepts  and  Examples. 

IV.  If  the  days  annexed  to  thefe  centuries  exceed  the 
number  of  days  from  the  beginning  of  March  taken  out  in 
the  1 8th  century,  add  a Lunation  and  its  Anomalies,  &c. 
from  Table  III.  to  the  Time  and  Anomalies  of  New  Moon, 
in  Marchj  and  then  proceed  in  all  refpeds  as  above. — This 
circumftance  happens  in  Example  V. 
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To  calculate  the  true  time  of  New  or  Full  Moon  in  any  given 
year  and  month  before  the  Chriftian  ^ra. 

Precept  I.  Find  a year  in  the  1 8th  century,  which  being 
added  to  the  given  number  of  years  before  Chrift  dimi- 
nifhed  by  one,  fhall  make  a number  of  complete  centuries. 

II.  Find  this  number  of  centuries  in  Table  VI.  and  fub- 
traft  the  Time  and  Anomalies  belonging  to  it  from  thofe 
of  the  mean  New  Moon  in  March^  the  above-found  year 
of  the  1 8th  century  j and  the  remainder  will  denote  the 
Time  and  Anomalies,  &c.  of  the  mean  New  Moon  in 
March^  the  given  year  before  Chrift. — Then,  for  the  true 
time  of  that  New  Moon,  in  any  month  of  that  year,  pro-» 
ceed  in  the  manner  taught  above. 
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Thefe  Tables  are  calculated  for  the  meridian  of  London^ 
but  they  wdl  ferve  for  any  other  place,  by  fubtrading  four 
minutes  from  the  tabular  time,  for  every  degree  that  the 
meridian  of  the  given  place  is  weftward  of  London,  or  add- 
ing four  minutes  for  every  degree  that  the  meridian  of  the 
given  place'is  eaftward  ; as  in 
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To  calculate  the  true  time  of  New  or  Full  Moon  in  any  given 
year  and  month  after  the  \%th' century. 

Precept  I.  Find  a year  of  the  fame  number  in  the  1 8th 
century  with  that  of  the  year  propofed,  and  take  out  the 
mean  Time  and  Anomalies,  &c.  of  New  Moon  in  Marchy 
Old  Stile,  for  that  year,  in  Table  I. 

II.  Take  fo  many  years  from  Table  VI.  as  when  added 
to  the  above-mentioned  year  in  the  i8th  century,  will  an- 
fwer  to  the  given  year  in  which  the  New  or  Full  Moon  is 
required  ; and  take  out  the  firft  New  Moon,  with  its  Ano- 
malies, for  thefe  complete  centuries. 

Y3 


III.  Add 


3^^  Precepts  and  Examples 

nr.  Add  all  thefe  together,  and  then  work  in  all  rcfpefts 
as  Ihewn  above,  only  remember  to  fubtrad  a Lunation  and 
-^^omalies,  when  the  above-mentioned  addition  carries 
the  New  Moon  beyond  the  31ft  of  March  i as  in  the  fol- 
lowing example : 


In  keeping  by  the  Old  Stile,  we  are  always  fure  to  be 
right,  by  adding  or  fiibtradling  whole  hundreds  of  years 
to  or  from  any  given  year  in  the  i8th  century.  But  in 
the  New  Stile  we  may  be  very  apt  to  make  miftakes,  on 
account  of  the  Leap-year’s  not  coming  in  regularly  every 
fourth  year:  And  therefore,  when  we  go  without  the 
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limits  of  the  i8th  century,  we  had  beft  keep  to 
the  Old  Stile,  and  at  the  end  of  the  calculation  • 
reduce  the  time  to  the  New.  Xhus,  in  the  22d 
century,  there  will  be  14  days  difference  between 
theStilesj  and  therefore,  the  true  time  of  New 
Moon  in  this  laft  Example  being  reduced  to  the 
New  Stile,  will  be  the  aad  of  Julyi  at  22  minutes 
53  feconds  paft  VI  in  the  evening. 

^0  calculate  the  true 'place  of  the  Sun  for  any  given 
moment  of  time. 

Precept  I.  In  Table  XII.  find  the  next  lefler 
year  in  number  to  that  in  which  the  Sun  s place 
is  fought,  and  write  out  his  mean  Longitude  and 
Anomaly  anfwering  thereto:  to  which  add  his 
mean  Motion  and  Anomaly  for  the  complete  re- 
fidue  of  years,  months,  days,  hours,  minutes,  and 
feconds  down  to  the  given  time,  and  this  will  be 
the  Sun’s  mean  Place  and  Anomaly  at  that  time, 
in  the  Old  Stile,  provided  the  faid  time  be  in  any 
year  after  the  Chriftian  sera.  See  the  firfi  following 
Example, 

II.  Enter  Table  XIII.  with  the  Sun’s  mean  Ano- 
maly, and  making  proportions  for  the  odd  minutes 
and  feconds  thereof,  take  out  the  Equation  of  the 
Sun’s  center:  which,  being  applied  to  his  mean 
Place,  as  the  title  Add  or  SuhtraSi  direfts,  will  give 
his  true  place  or  Longitude  from  the  Vernal  Equi- 
nox, at  the  time  for  which  it  was  required. 

III.  To  calculate  the  Sun’s  place  for  any  time 
in  a given  year  before  the  Chriftian  aera,  take  out 
his  mean  Longitude  and  Anomaly  for  the  firft  year 
thereof,  and  from  thefe  numbers  fubtra6f  the  mean 
Motions  and  Anomalies  for  the  complete  hundreds 
or  thoufands  next  above  the  given  year;  and,  to 
the  remainders,  add  thofe  for  the  refidue  of  years, 
months,  &c.  and  then  work  in  all  refpedls  as  above. 

See  thejecond  Example  following, 
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So  that  in  the  meridian  of  London^  the  Sun  was 
then  juft  entering  the  fign  Libra\  and  confe- 
quently  was  upon  the  point  of  the  Autumnal  Equi- 
nox. 

If  to  the  above  time  of  the  Autumnal  Equinox 
at  London^  we  add  2 hours  25  minutes  4 feconds 
for  the  Longitude  of  Babylon^  we  ftiall  have  for 
the  time  of  the  fame  Equinox,  at  that  place,  Or- 
iober  23d,  at  19  hours  22  minutes  41  fecondsj 
which  in  the  common  way  of  reckoning,  is  Oblo~ 
her  24th,  at  22  minutes  41  feconds  paft  VII  in 
the  morning*. 

And  it  appears  by  Example  VI,  that  in  the  fame 
year,  the  true  time  of  Full  Moon  at  Babylon  was 
Obiober  23d,  at  42  minutes  46  feconds  after  VI  in 
the  morning;  fo  that  the  Autumnal  Equinox  was 
on  the  day  next  after  the  day  of  Full  Moon. — The 
Dominical  letter  for  that  year  was  G,  and  confe- 
quently  the  24th  of  Odiober  was  on  a Wednejday, 


* The  reafon  why  this  calculation  makes  the  Autumnal 
Equinox,  in  the  year  of  they«//««  Period 706,  to  be  two  days 
fooner  than  the  time  of  the  iame  Equinox  mentioned  in  page 
153,  is,  that  in  that  page  only  the  mean  time  is  taken  into 
the  account,  as  if  there  was  Equation  of  the  Sun’s  motion. 

The  Equation  at  the  Autumnal  Equinox  then,  did  not  ex- 
ceed an  hour  and  a quarter,  when  reduced  to  time. — But,  in 
the  year  of  Chrift  1756,  (which  was  5763  years  after)  the 
Equation  at  the  Autumnal  Equinox  amounted  to  i day  2? 
hours  24  minutes,  by  which  quantity  the  true  time  fell  later 
than  the  mean. — So  that,  if  we  conhder  the  true  time  of  this 
]aft-mentioned  Equinpx,  only  as  mean  time,  the  mean  Motion 
of  the  Sun  carried  thence  back  to  the  Autumnal  Equinox  in 
the  year  of  the  Julian  Period  706,  will  fix  it  to  the  25th  of 
pclober  in  that  year, 
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To  find  the  Sun’s  difiance  from  the  Moon’s  ajcending 

Elode,  at  the  time  of  any  given  New  or  Full  Moon ; 

and  confe^uentlyy  to  know  whether  there  is  an 

Eclipfe  at  that  time,  or  not. 

The  Sun's  diftance  from  the  Moon’s  afcending 
Node  is  the  argument  for  finding  the  Moon’s 
fourth  Equation  in  the  Syzygies,  and  therefore  it 
is  taken  into  all  the  foregoing  Examples  in  finding 
the  times  of  thefe  Phenomena. — Thus,  at  the  time 
of  mean  New  Moon  in  April  1764,  the  Sun’s  mean 
Diftance  from  the  afcending  Node,  is  o'  5°  35' 

See  Example  I.  p.  320. 

The  defeending  Node  is  oppofite  to  the  amend- 
ing one,  and  they  are  juft  fix  Signs  diftant  from 
each  other. 

When  the  Sun  is  within  17  degrees  of  either  of 
the  Nodes  at  the  time  of  New  Moon,  he  will  be 
eclipfed  at  that  time:  and  when  he  is  within  12 
degrees  of  either  of  the  Nodes  at  the  time  of  Full 
Moon,  the  Moon  will  be  then  eclipfed. — Thus  we 
find  that  there  will  be  an  Eclipfe  of  the  Sun  at 
the  time  of  New  Moon  in  Aprily  1764. 

But  the  true  time  of  that  New  Moon  comes  out 
by  the  Equations  to  be  50  minutes  46  feconds 
later  than  the  mean  time  thereof,  by  comparing 
thefe  times  in  the  above  Example:  and  therefore, 
we  muft  add  the  Sun’s  motion  from  the  Node 
during  that  interval  to  the  above  mean  Diftance 
o’  5°  35'  ol'y  which  motion  is  found  in  Table  XII. 
for  50  minutes  46  feconds,  to  be  2'  12''.  And  to 
this  we  muft  apply  the  Equation  of  the  Sun’s 
mean  Diftance  from  the  Node,  in  T able  XV.  found 
by  the  Sun’s  Anomaly,  which,  at  the  mean  time 
of  New  Moon  in  Example  1.  is  9’  1°  26'  19"; 
and  then  we  ftiall  have  the  Sun’s  true  Diftance 
from  the  Node,  at  the  true  time  of  New  Moon, 
'a$  follows; 


At 
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Sun  from  Node. 

• • « tt 

At  the  mean  time  of  New  Moon  ini. 

y^pril  1764  — — J ° 5 35  2 

Sun’s  motion  from  the!  50  minutes  2 10 

Node  for  — 3 46  feconds  2 


Sun’s  mean  diftance  from  Node  at") 

true  New  Moon  — — J°5  37  i4 

Equation  of  mean  diftance  from! 

Node,  add  — — j ^ 5 ° 


Sun’s  true  diftance  from  the  af-1 

cending  Node  — — J ° 7 4”^  14 

which,  being  far  within  the  above  limit  of  17 
degrees,  ftiews  that  the  Sun  muft  then  be  eclipfed. 

And  now  we  lhall  ihew  how  to  projedf  this,  or 

any  other  eclipfe,  either  of  the  Sun  or  Moon. 

/ 

'•  To  projeSi  an  Eclipfe  of  the  Sun. 

In  order  to  this,  we  muft  find  the  ten  following 
Elements,  by  means  of  the  Tables. 

I.  The  true  time  of  conjunction  of  the  Sun  and 
Moonj  and  at  that  time,  1.  The  femidiamerer  of 
the  Earth’s  dife,  as  feen  from  the  Moon,  which  is 
equal  to  the  Moon’s  horizontal  parallax.  3.  The 
Sun’s  diftance  from  the  folftitial  Colure  to  which 
he  is  then  neareft.  4.  The  Sun’s  declination. 
5.  The  angle  of  the  Moon’s  vifible  path  with  the 
Ecliptic.  6.  TheMoon’s  latitude.  7.  TheMoon’s 
true  horary  motion  from  the  Sun.  8.  The  Sun’s 
femidiameter,  9.  The  Moon’s.  10.  The  femi- 
diameter  of  the  Penumbra. 

We  fhall  now  proceed  to  find  thefe  Elements 
for  the  Swn’s  Eclipfe  in  April  1764. 

To  find  the  true  time  of  New  Moon.  This,  by 
Example  I.  p.  320,  is  found  to  be  on  the  firft 
day  of  the  faid  month,  at  30  minutes  25  feconds 
after  X in  the  morning. 


2.  Tq 
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<1.  'To  find  the  Moons  horizontal  parallax  y or  Jerni- 
diameter  of  the  Earth's  dijc,  as  Jeen  from  the  Moon. 
Enter  Table  XVII.  with  the  figns  and  degrees  of 
the  Moon’s  Anomaly  (making  proportions,  be- 
caufe  the  Anomaly  is  in  theTable  only  to  every  6th 
degree),  and  thereby  take  out  the  Moon’s  horizon- 
tal parallax  j which,  for  the  above  time,  anfwering 
to  the  Anomaly  1 9°  24’  21",  is  54'  43'^ 

To  find  the  Sun's  difiance  from  the  nearefi  Sol- 
fiice,  viz.  the  beginning  of  Cancer y which  is  3®  or  90* 
from  the  beginning  of  Aries.  It  appears  by  the  Ex- 
ample on  page  328  (where  the  Sun’s  place  is  cal- 
culated to  the  above  time  of  New  Moon),  that  the 
Sun’s  longitude  from  the  beginning  of  Aries  is 
then  i2o  10’  f y that  is,  the  Sun’s  place  at  that 
time  is  nn  Aries,  12°  10'  7". 

V i o t n 

Therefore  from  — — — 3000 

Subtrafl  the  Sun’s  longitude  or  place  o 12  10  7 

Remains  theSun’s  diftance  froml 

the  Solftice  25 j ^ ^7  49  53 

Or  77°  49'  sfi  each  fign  containing  30  degrees. 

4.  To  find  the  Sun's  declination.  Enter  Table 
XIV.  with  the  Signs  and  degrees  of  the  Sun’s  true 
place,  viz.  o®  i2o,  and  making  proportion  for 
the  10' 7”,  takeout  the  Sun’s  declination  anfwer- 
ing  to  his  true  place,  and  it  will  be  found  to  be 
4°  49'  North. 

5.  To  find  the  Moon's  latitude.  This  depends  on 
her  diftance  from  her  afcending  Node,  which  is  the 
fame  as  the  Sun’s  diftance  from  it  at  the  time  of 
New  Moon;  and  with  this  the  Moon’s  Latitude  is 
found  in  Tabic  XVI. 

Now  we  have  already  found,  that  the  Sun’s 
equated  diftance  from  the  afcending  Node,  at  the 
time  of  N ew  Moon  in  April  1764,  is  o®  7°  4.2'  \A' 
^ee  the  preceding  page. 

Therefore,  enter  T able  XVI.  with  o figns  at  the 
top,  and  7 and  8 degrees  at  the  left  hand,  and 
take  out  36’  and  39'',  the  latitude  for  7°;  and 

aT 
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41'  51",  the  latitude  for  8°:  and  by  making  pro-^ 
portion  between  thefe  latitudes  for  the  42  ' iV'  bjr 
which  the  Moon’s  diflance  from  the  Node  exceeds 
7 degrees;  her  true  latitude  will  be  found  to  be 
40'  18''  north  afcending. 

6.  To  find  the  Moon's  true  horary  motion  from  the 
Sun.  With  the  Moon’s  Anomaly,  viz.  ii®  9°  24' 
21",  enter  Table  XVII.  and  take  out  the  Moon’s 
horary  motion;  which,  by  making  proportion  in 
that  Table,  will  be  found  to  be  30'  iT' . Then, 
with  the  Sun’s  Anomaly,  9®  1°  26’  19",  take  out 
his  horary  motion  2’  28’'  from  the  lame  Table: 
and  fubtracHng  the  latter  from  the  former,  there 
will  remain  27’ 54’'  for  the  Moon’s  true  horary 
motion  from  the  Sun. 

7.  To  find  the  angle  of  the  Moon*s  viftble  path 
with  the  Ecliptic.  This,  in  the  projeftion  of  Eclip- 
fes,  may  be  always  rated  at  5°  35’,  without  any 
fenlible  error. 

8.  9.  V'o  find  the femidiameters  of  the  Sun  and  Moon, 
Thefe  are  found  in  the  fame  Table,  and  by  the 
fame  Arguments,  as  their  horary  Motions. — In 
the  prefent  cafe  the  Sun’s  Anomaly  gives  his  femi- 
diameter  16'  6",  *nd  the  Moon’s  Anomaly  gives 
her  femidiameter  14'  57". 

10.  To  find  the  Jetnidiameter  of  the  Penumbra, 
Add  the  Moon’s  femidiameter  to  the  Sun’s,  and 
their  fum  will  be  the  femidiameter  of  the  Penum- 
bra, viz.  31'  3", 

Now  colled:  thefe  Elements,  that  they  may  be 
found  the  more  readily  when  they  arc  wanted  in 
the  conftrudion  of  this  Eclipfe. 

I.  True  time  of  New  Moon  in?  , 


2.  Semidiameter  of  the  Earth’s  dife  o 54  43 

3.  Sun’s  dift.  from  the  neareft  Sold.  77  49  53 

4.  Sun’s  declination.  North  4 49  o 

5.  Moon’s  latitude.  North  afcending  o 40  18 


I 10  30  25 


o 


// 


6.  Moon’s 
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6.  Moon’s  horary  nnotion  from  the  Sun 

7.  Angle  of  the  Moon’s  vifible  path") 

with  the  Ecliptic  J 

8.  Sun’s  femidiameter 

9.  Moon’s  femidiameter 

10.  Semidiameter  of  the  Penumbra 


27  54 

35  o 

16  6 

*4  57 
31  3 


SCo  project  an  Edipfe  of  the  Sun  geometrically. 

Make  a fcale  of  any  convenient  length,  as  AC, 
and  divide  it  into  as  many  equal  parts  as  theEarth’s 
femi-difc  contains  minutes  of  a degree,  which,  at 
the  time  of  the  Edipfe  in  April  1764,  is  54’  43'^ 
Then,  with  the  whole  length  of  the  fcale  as  a 
radius,  defcribe  the  femicircle  A MB  upon  the 
center  Cj  which  femicircle  fhall  reprefent  the 
northern  half  of  the  Earth’s  enlightened  difc,  as 
fcen  from  the  Sun. 

Upon  the  center  C raife  the  ftraight  line  CH, 
perpendicular  to  the  diameter  ACB-,  ioACB  fhall 
be  ^ part  of  the  Ecliptic,  and  CH  its  Axis. 

Being  provided  with  a good  fedor,  open  it  to 
the  radius  CA  in  the  line  of  chords;  and  taking 
from  thence  the  chord  of  23^  degrees  in  your 
compaffcs,  fet  it  off  both  ways  from  H,  to^  and  to 
h,  in  the  periphery  of  the  femi-difc ; and  draw  the 
ftraight  \\v\tgVh,  in  which  the  North  Pole  of  the 
Difc  will  be  always  found. 

When  the  Sun  is  in  Aries,  Taurus,  Gemini, 
Cancer,  Leo,  and  Virgo,  the  North  Pole  of  the 
Earth  is  enlightened  by  the  Sun:  but  while  the 
Sun  is  in  the  other  fix  Signs,  the  fouth  Pole  is  en- 
lightened, and  the  North  Pole  is  in  the  dark. 

And  when  the  Sun  is  in  Capricorn,  Aquarius, 
Pifces,  Aries,  Taurus,  and  Gemini,  the  northern 
half  of  the  Earth’s  Axis  C XII  P lies  to  the  right 
hand  of  the  Axis  of  the  Ecliptic,  as  feen  from  the 
Sun;  and  to  the  left  hand,  while  the  Sun  is  in  the 
other  fix  Signs. 

Open 
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Open  the  fedlor  till  the  radius  (or  diftance  of  the 
two  90  s)  of  the  Signs  be  equal  to  the  length  of 
and  take  the  fine  of  the  Sun’s  diftance  from 
the  Solftice  (77"  49'  53")  as  nearly  as  you  can 
gueis,  in  your  compaflTes,  from  the  line  of  fines 
and  fet  off  that  diftance  from  V to  P in  the  line 
gVh,  becaufe  the  Earth’s  Axis  lies  to  the  right 
hand  of  the  Axis  of  the  Ecliptic  in  this  cafe,  the 
Sun  being  in  Ariesj  and  draw  the  ftraight  line 
C XII  P for  the  Earth’s  Axis,  of  which  P is  the 
North  Pole.  If  the  Earth’s  Axis  had  lain  to  the 
left  hand  from  the  Axis  of  the  Ecliptic,  the  diftance 
VP  would  have  been  fet  off  from  toward^. 

To  draw  the  parallel  of  Latitude  of  any  given 
place,  as  fuppofe  London^  or  the  path  of  that  place 
on  the  Earth’s  enlightened  Difc  as  feen  from  the 
Sun,  from  Sun-rife  till  Sun-fet,  take  the  following 
method : ° 

Subtrafl  the  Latitude  ofLondon,  5 1 1°  from  90®, 
and  the  remainder  381°  will  be  the  co-latitude’ 
which  take  in  your  compaffes  from  the  line  of 
chords,  making  C A ov  C B the  radius,  and  fet  it 
fromy^  (where  the  Earth’s  Axis  meets  the  Peri- 
phery of  the  Difc)  to  VI  and  VI,  and  draw  the 
occult  or  dotted  line  VI  K VI.  Then,  from  the 
points  where  this  line  meets  the  Earth’s  Difc,  fet 
off  the  chord  of  the  Sun’s  declination  4°  49'  to 
D and  F,  and  to  E and  G,  and  conne6l  thefe  points 
by  the  two  occult  lines  FXII  G and  DLE. 

BifeftZ-  XXII  in  X,  and  through  the  point  X 
draw  the  black  line  VI  XVI.  Then  making  C5 
the  radius  of  a line  of  fines  on  the  fe6tor,  take  the 
co  latitude  of  London  3 Bp  from  the  fines  in  your 
compaffes,  and  fet  it  both  w'ays  from  X,  to  VI  and 
VI. — Thefe  hours  will  be  juft  in  the  edge  of  the 
difc  at  the  Equinoxes,  but  at  no  other  time  in  the 
whole  year. 

With  the  extent  X VI,  taken  into  your  com- 
paffes, fet  one  foot  in  X (in  the  black  line  below 
the  occult  one)  as  a center,  and  with  the  other  foot 

defcribc 
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defcribe  the  femicircle  VI  7 8 9 10,  &c.  and  divide 
ic  into  12  equal  parts.  Then  from  thefe  points  of 
divifion,  draw  the  occult  lines  7 8 0,  9 &c. 

parallel  to  the  Earth’s  Axis  C XII  P. 

Withthefmall  extent  XXII  as  a radius,  defcribe 
the  quadrantal  Arc  XII /,  and  divide  it  into  fix 
equal  parts,  as  XII  a b,  b Cy  c dy  d and  ef^ 
and  through  the  divifion-points,  a^  by  c,  d,  e,  draw 
the  occult  lines  VII  eV,  VIII  ^IV,  IX  c III,  X 3 
II,  and  XI  a I,  all  parallel  to  VI  XVI,  and  meet- 
ing the  former  occult  lines  7 p,  8 <?,  &c.  in  the 
points  VII  VIII  IX  X XI,  V IV  III  II  and  I: 
which  points  Ihall  mark  the  feveral  fituations  of 
London  on  the  Earth’s  Difc,  at  thefe  hours  refpec- 
tively  as  feen  from  the  Sun  ; and  the  elliptic 
Curve  VI  VII  VIII,  &c.  being  drawn  through 
thefe  points,  Ihall  reprefent  the  parallel  of  lati- 
tude, or  path  of  London  on  the  Difc,  as  feen  from 
the  Sun,  from  its  rifing  to  its  fetting. 

V.  B.  If  the  Sun’s  declination  had  been  fouth, 
the  diurnal  path  of  London  would  have  been  on  the 
upper  fide  of  the  line  VI  X VI,  and  would  have 
touched  the  line  D LE  \n  L. — It  is  requifite  to 
divide  the  horary  fpaces  into  quarters,  (as  fome  are 
in  the  figure,)  and,  if  poITible,  into  minutes  alfo. 

Make  CB  the  radius  of  aline  of  chords  on  the 
fe£tor,  and  taking  therefrom  the  chord  of  5°  35', 
the  angle  of  the  Moon’s  vifible  path  with  the  Eclip- 
tic, fet  it  off  from  H to  M on  the  left  hand  of  C H, 
the  Axis  of  the  Ecliptic,  becaufe  the  Moon’s  lati- 
tude is  north  afcending.  Then  draw  C M for  the 
Axis  of  the  Moon’s  Orbit,  and  bifeft  the  angle 
MC  Hhy  the  right  line  C z. — If  the  Moon’s  lati- 
tude had  been  north  defcending,  the  Axis  of  her 
Orbit  would  have  been  on  the  right  hand  from  the 
Axis  of  the  Ecliptic. — N.  B.  The  Axis  of  the 
Moon’s  Orbit  lies  the  fame  way  when  her  latitude 
is  fouth  afcending,  as  when  it  is  north  afcendingj 
and  the  fame  way  when  fouth  defcending,  as  when 
north  defcending. 
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Take  the  Moon’s  latitude  40^  18"  from  the  fcalc 
C A ‘\n  your  compaffes,  and  fet  it  from  i to  x in  the 
bifcding  line  C 2,  making  ix  parallel  to  Cy?znd 
through  Xj  at  right-angles  to  the  Axis  of  the 
Moon’s  Orbit  CM,  draw  the  ftraight  line  NwxyS 
for  the  path  of  the  Penumbra’s  center  over  the 
Earth’s  Difc. — The  point  in  the  Axis  of  the 
Moon’s  Orbit,  is  that  where  the  Penumbra’s  center 
approaches  neareft  to  the  center  of  the  Earth’s 
Difc,  and  confequcntly  is  the  middle  of  the  general 
Eclipfe:  the  point  x is  that  where  the  conjundtionT 
of  the  Sun  and  Moon  falls,  according  to  equal 
time  by  the  Tables;  and  the  point  jy  is  the  cclip- 
tical  conjundlion  of  the  Sun  and  Moon^ 

Take  the  Moon’s  true  horary  motion  from  the 
Sun,  27'  54",  in  your  compalles,  from  the  fcale 
CA  (every  divifion  of  which  is  a minute  of  a de- 
gree), and  with  that  extent  make  marks  along  the 
path  of  the  Penumbra’s  center*,  and  divide  each 
fpace  from  mark  to  mark,  into  fixty  equal  parts  or 
horary  minutes,  by  dots;  and  fet  the  hours  to 
every  60th  minute  in  fuch  a manner,  that  the  dot 
figaifying  the  inftant  of  New  Moon  by  the  Ta- 
bles, may  fall  into  the  point  at,  half  way  between- 
the  Axis  of  t|ie  Moon’s  Orbit,  and  the  Axis  of  the 
Ecliptic;  and  then,  the  reft  of  the  dots  will  ftiev/ 
the  points  of  the  Earth’s  Difc,  where  the  Penutn- 
bra’s  center  is  at  the  inftants  denoted  by  them,  in 
its  tranfit  over  the  Earth. 

Apply  one  fide  of  a fq-uare  to  the  line  of  the 
Penumbra’s  path,  and  move  the  fquare  backward 
and  forward,  until  the  other  fide  of  it  cuts  the 
fame  hour  and  minute  ( as  at  m and  n)  both  in  the 
path  of  London,  and  in  the  path  of  the  Penumbra’s 
center : and  the  particular  minute  or  inftant  wkich 
the  fquare  cuts  at  the  fame  time  in  bath  paths, 
fhall  be  the  inftant  of  the  vifible  conjunftion  of  the 
Sun  and  Moon,  or  greateft  obfeuration  of  the  Sun, 
at  the  place  for  which  the  conftruftion  is  made, 

namely  London,  in  the  prefent  example;  and  this 

OA  inftant^ 
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Jnftant  is  at  47  ^ minutes  paft  X o’clock  In  the 
morning  j which  is  17  minutes  5 feconds  later 
than  the  tabular  time  of  true  conjundtion. 

Take  the  Sun’s  femidiameter,  16'  6'\  ia  your 
compaffes,  from  the  fcale  CA,  and  fetting  one  foot 
in  the  path  of  London  at  w,  namely  at  47  \ minutes 
paft  X,  with  the  other  foot  defcribe  the  circle  UT^  . 
which  fhall  reprefent  the  Sun  s Difc  as  feen  from 
London?ii  thegreateft  obfcuration. — Then  take  the 
Moon's  femidiameter,  14'  compaffes 

from  the  fame  fcale ; and  fetting  one  foot  in  the 
path  of  the  Penumbra’s  center  at 47I  minutes 
after  X,  with  the  other  foot  defcribe  the  circle  ET 
for  the  Moon’s  Difc,  as  feen  from  London^  at  the 
time  when  the  Eclipfe  is  at  the  greateft  i and  the 
portion  of  the  Sun’s  Difc  which  is  hid  or  cut  off 
by  the  Moon’s,  will  ftiew  the  quantity  of  the 
Eclipfe  at  that  time;  which  quantity  may  be 
meafured  on  a line  equal  to  the  Sun’s  diameter* 
and  divided  into  twelve  equal  parts  or  digits. 

Laftly,  take  the  femidiameter  of  the  Penumbra 
31'  3",  from  the  fcale  CA  in  your  compaffes;  and 
fetting  one  foot  in  the  line  of  the  Penumbra’s  cen- 
tral path,  on  the  left  hand  from  the  Axis  of  the 
Ecliptic,  diredt  the  other  foot  toward  the  path  of 
London ; and  carry  that  extent  backward  and  for- 
ward till  both  the  points  of  the  compaffes  fall 
into  the  fame  inftant  in  both  the  paths : and  that 
inftant  will  denote  the  time  when  the  Eclipfe  be- 
gins at  London. — Then,  do  the  like  on  the  right 
hand  of  the  Axis  of  the  Ecliptic;  and  where  the 
points  of  the  compaffes  fall  into  the  fame  inftant 
in  both  the  paths,  that  inftant  will  be  the  time 
when  the  Eclipfe  ends  at  London. 

Thefe  trials  give  ao  minutes  after  IX  in  the 
morning  for  the  beginning  of  the  Eclipfe  at  Lon- 
don^  at  the  points  A'and  0;  47  minutes  after  X, 
at  the  points  m and  «,  for  the  titne  of  greateft  ob- 
icuration;  and  18  minutes  after  XII,  at  and  S, 
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for  the  time  when  the  Eclipfe  ends  j according  to 
mean  or  equal  time. 

From  thefe  times  we  muft  fubtraft  the  equation 
of  natural  days,  viz.  3 minutes  48  feconds,  in 
Leap  year  y^pril  i,  and  we  (hall  have  the  appa- 
rent times;  namely  IX  hours  16  minutes  12  fe- 
conds for  the  beginning  of  the  Eclipfe,  X hours 
43  minutes  42  feconds  for  the  time  of  greateft  ob- 
fcuration,  and  XII  hours  14  minutes  12  feconds 
for  the  time  when  the  Eclipfe  ends. — But  the  beft 
way  is  to  apply  this  equation  to  the  true  equal 
time  of  New  Moon,  before  the  projedtion  be  be- 
gun ; as  is  done  in  Example  1.  For  the  motion 
or  pofition  of  places  on  the  Earth’s  Difc  anfwer 
to  apparent  or  folar  time. 

In  this  conftrudion  it  is  fuppofed,  that  the 
angle  under  which  the  Moon’s  Difc  is  feen,  du- 
ring the  whole  time  of  the  Eclipfe,  continues  in- 
variably the  fame ; and  that  the  Moon’s  motion 
is  uniform  and  redlilinear  during  that  time. — But 
thefe  fuppofitions  do  not  exaflly  agree  with  the 
truth ; and  therefore,  fuppofing  the  Elements 
given  by  the  Tables  to  be  accurate,  yet  the  times 
and  phafes  of  the  Eclipfe,  deduced  from  its  con- 
ftrudtion,  will  not  anfwer  exadtly  to  what  paflfeth 
in  the  Heavens  j but  may  be  at  leaf:  two  or  three 
minutes  wrong,  though  done  with  the  greateft 
care. — Moreover,  the  paths  of  all  places  of  confi- 
derable  latitudes  are  nearer  the  center  of  the 
Earth’s  Difc,  as  feen  from  the  Sun,  than  thofecon- 
ftrudlions  make  them  j becaufe  the  Difc  is  pro- 
jedted  as  if  the  Earth  were  a perfedl  fphere,  al- 
though it  is  known  to  be  a Ipheroid.  Confe- 
quently  the  Moon’s  lhadow  will  go  farther  north- 
ward in  all  places  of  northern  latitude,  and  farther 
fouthward  in  all  places  of  fouthern  latitude,  than  it 
is  (hewn  to  do  in  thefe  projedlions. — According  to 
Mayer  % Tables,  this  Eclipfe  will  be  about  a quar- 
ter of  an  hour  fooner  than  cither  thefe  Tables, 
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or  Mv.FlamJlead'Sy  or  Dr-Hallefs  make  it:  and 
Mayer  i Tables  do  not  make  it  annular  diX.  London, 

The  pry  elf  ion  of  Lunar  Eclipfes. 

When  the  Moon  i^within  id  degrees  of  either 
of  her  Nodes,  at  the* time  when  Ihc  is  Full,  (he 
will  be  eclipfed,  otherwife  not. 

We  find  by  Example  II,  page  321,  that  at  the 
time  of  mean  Full  Moon  in  May  1^62,  the  Sun  s 
difirance  from  the  afeending  Node  was  only  4°  49' 
75";  and  the  Moon  being  then  oppofite  to  the 
Sun,*muft  have  been  juft  as  near  her  defeending 
Node,  and  was  therefore  eclipfed. 

The  elements  for  conftrufting  an  Eclipfe  of  the 
Moon  are  eight  in  number,  as  follow  : 

I.  The  true  time  of  Full  Moon:  and  at  that 
time,  2.  The  Moon’s  horizontal  parallax.  3.  The 
Sim’s  femidiameter.  4.  The  Moon’s.  5.  The 
femidiameter  of  the  Earth’s  (hadow  at  the  Moon. 
6.  The  Moon’s  latitude.  7.  The  angle  of  the 
Moon’s  vifible  path  with  the  Ecliptic.  8.  The 

Moon’s  true  horary  motion  from  the  Sun. 

Therefore, 

i.  To  find  the  true  time  of  Full  Moon.  Work  as 
already  taught  in  the  Precepts. — Thus  we  have 
the  true  time  of  Full  Moon  \u  May  1762  (fee  Ex- 
ample II.  page  321),  on  the  8th  day,  at  50  mi- 
nutes 50  feconds  paft  III  o’clock  in  the  morning. 

•2.  To  find  the  Moon's  horizontal  Parallax.  En- 
ter Table  XVII.  with  the  Moon’s  mean  Anomaly 
(at  the  above  Full)  9’  2°  42' 42",  and  thereby  take 
out  her  horizontal  Parallax;  which,  by  making  the 
requifite  proportion,  will  be  found  to  be  57J  20”. 

3,  4.  To  find  the  femidiameter s of  the  Sun  and 
Moon.  Enter  Table  XVII.  with  their  refpedtive 
Anomalies,  the  Sun’s  being  lO®  7°  27'  45"  (by  the 
above  Example)  and  the  Moon’s  9’  2°  42'  42’'; 
and  thereby  take  out  their  refpeftive  femidiame- 
ters : the  Sun’s  if  56",  and  the  Moon’s  if 
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5.  T’o  find  the  Jemidiameter  of  the  Earth’s  Jhadow 
at  the  Moon,  Add  the  Sun’s  horizontal  parallax, 
which  is  always  10'',  to  the  Moon’s,  which  in  the 
prefent  cafe  is  57'  20",  the  fum  will  be  57'  30", 
from  which  fubtraft  theSun’s  femidiameter  i5'56", 
and  there  will  remain  41'  34"  for  the  femidiame- 
ter  of  that  part  of  the  Eartn’s  fliadow  which  the 
Moon  then  pafles  through. 

6.  'To  find  the  Moon' s Latitude . Find  the  Sun’s 
true  diftance  from  the  afccnding  Node  (as  already 
taught  in  page  33 1 ) at  the  true  time  of  Full  Moon  j 
and  this  diftance,  increafed  by  fix  figns,  will  be 
the  Moon’s  true  diftance  from  the  fame  Node  j 
and  confequently  the  argument  for  finding  her 
true  latitude,  as  ftiewn  in  page  333. 

Thus,  in  Example  II.  the  Sun’s  mean  diftance 
from  the  afcending  Node  was  o’  4°  49^  35^^  at  the 
time  of  mean  Full  Moon  : but  it  appears  by  the 
Example^  that  the  true  time  thereof  was  6 hours 
33  minutes  38  feconds  fooncr  than  the  mean  time, 
and  therefore  we  muft  fubtrad  the  Sun’s  motion 
from  the  Node  (found  in  Table  XII.  page  312) 
during  this  interval,  from  the  above  mean  diftance, 
o’  4°  49'  35'',  in  order  to  have  his  mean  diftance 
from  it  at  the  true  time  of  Full  Moon. — Then  tq 
this  apply  the  Equation  of  his  mean  diftance  from 
the  Node  found  in  Table  XV.  by  his  mean  Ano- 
maly 10’  7°  27'  45^'j  and  laftly,  add  fix  figns:  fo 
ihall  the  Moon’s  true  diftance  from  the  afcending 
Node  be  found  as  follows ; 

Sun  from  Node  at  mean  Full  Moon  9 4 49  35 


{6  hours  15  3S 

33  minutes  I 26 

38  feconds  3 


Sum,  fubtraft  from  the  uppermoft  line  17  3 


Remains  his  mean  diftance  at  true 
Full  Mooq  ^ «--! 


A 32  3% 
Equation 
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so'  " 

Equation  of  his  aicandiftance,  add  138  o 

Sun’s  true  ditoce  from  the  Node  o 6 10  32 

Xo  which  add  6000 

And  tlie  fum  will  be  6 6 10^32 

Which  is  theMoon^s  true  diiancefrom  her  afcend- 
jng  Node  at  the  true  time  of  her  being  Full  j and 
confequently  the  argument  for  finding  her  true 
^Latitude  at  that  time. — Therefore,  with  this  ar- 
gument enter  Table  XVI.  making  proportion  be- 
tween the  latitudes  belonging  to  the  6th  and  yth 
deoree  of  the  argument  at  the  left  hand  (the  figns 

being  at  the  top)  for  the  lO  3^  ^ 

32'  21"  for  the  Moon’s  true  latitude,  which  ap- 
pears by  the  Table  to  be  fouth  defcending.^ 

7.  To  find  the  angle  of  the  Maone  •oifihlefath  with 
the  Ecliptic,  This  may  be  ftated  at  5“  35',  with- 
out any  error  of  confequence  in  the  projection  of 
the  Eclipfe. 

8.  To  find  the  Moon's  true  horary  motion  from  the 
Sun.  With  their  refpeftive  Anomalies  take  out 
their  horary  motions  f^rom  Table  XVII.  in  page 
316;  and  the  Sun’s  horary  motion  fubtraftcd 
from  the  Moon’s,  leaves  remaining  the  Moon’s 
true  horary  motion  from  the  Sun : in  the  prefent 
cafe  30^  52". 


Now  colled  thefe  Elements  together  for  ufe.' 


j.  True  Time  of  Full  Moon? 
in  May  1762  5 


D.  H.  M.  S. 
8 3 5.0  50 


2. 

3* 

4. 

5- 


Moon’s  horizontal  Parallax 
Sun’s  femjdiamcter 
Moon’s  femidiameter 
Semidiameter  of  the  Earth’s? 
Ihadow  at  the  Moon  C 
" Z 4 


o 57  20 
o 15  56 
O 15  39 

o 41  34 

6.  Moon’s 
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6.  Moon’s  true  latitude,  fouth  defcending  o 32  21 

7.  Angle  of  her  vifible  path  with  the  7 

Ecliptic  J S 35  o 

8.  Her  true  horary  motion  from  the  Sun  o 30  52 

Thefe  Elements  being  found  for  the  conftruc- 
tion  of  the  Moon’s  Edipfe  in  May  1762,  proceed 
as  follows: 

Make  a fcale  of  any  convenient  length,  as  /FX, 
and  divide  it  into  60  equal  parts,  each  part  Hand- 
ing for  a minute  of  a degree. 

Draw  the  right  line  ACB  (Fig.  3.)  for  part  of 
the  Ecliptic,  and  CD  perpendicular  to  it  for  the 
fouthern  part  of  its  Axisj  the  Moon  having  fouth 
latitude. 

Add  the  femidiameters  of  the  Moon  and  Earth’s 
fhadow  together,  which,  in  this  Edipfe,  will  make 
57'  I f'y  and  take  this  from  the  fcale  in  your  com- 
pafles,  and  fetting  one  foot  in  the  point  C,  as  a 
center,  with  the  other  foot  defcribe  the  femicirde 
ADB\  in  one  point  of  which  the  Moon’s  center 
will  be  at  the  beginning  of  the  Edipfe,  and  in  ano- 
ther at  the  end  of  it. 

Take  the  femidiameter  of  the  Earth’s  fhadow, 
41' 34",  in  your  compafles  from  the  fcale,  and  fet- 
ting one  foot  in  the  center  C,  with  the  other  foot 
defcribe  the  femicirde  XL Af  for  the  fouthern  half 
of  the  Earth’s  fhadow,  becaufe  the  Moon’s  latitude 
is  fouth  in  this  Edipfe. 

Make  CD  the  radius  of  a line  of  chords  on 
the  fedtor,  and  fet  off  the  angle  of  the  Moon’s  vifi- 
ble  path  with  the  Ecliptic,  5°  35',  from  D to  X, 
and  draw  the  right  line  CF E for  the  fouthern 
half  of  the  Axis  of  the  Moon’s  Orbit,  lying  to  the 
right  hand  from  the  Axis  of  the  Ecliptic  C D,  be- 
caufe  the  Moon’s  latitude  is  fouth  defcending. — 
It  would  have  been  the  fame  way  (on  the  other 
fide  of  the  Ecliptic)  if  her  latitude  had  been 
north  defcendingi  but  contrary  in  both  cafes,  if 

her 
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her  latitude  had  been  either  north  afcending  or 

fouth  afcending.  . , 

Bifed  the  angle  BCE  by  the  right  line  Cj-,  in 
which  line,  the  true  equal  time  of  oppofition  of  the 
Sun  and  Moon  falls,  as  given  by^the  Tables. 

Take  the  Moon’s  latitude,  32' 2i'',  from  the 
fcale  with  your  compaffes,  and  fet  it  from  C to  G, 
in  the  line  CGg-,  and  through  the  point  G,  at  right 
angles  to  CFE,  draw  the  right  line  PHGFNtor 
the  path  of  the  Moon’s  center.  Then,  F fhall  be 
the  point  in  the  Earth’s  fhadow,  where  the  Moon’s 
center  is  at  the  middle  of  theEclipfe;  G,  the  point 
where  her  center  is  at  the  tabular  time  of  her  be- 
ing Full;  and  H,  the  point  where  her  center  is  at 
the  indant  of  her  ecliptical  oppofition. 

Take  the  Moon’s  horary  motion  from  the  Sun, 
30' 52",  in  your  compaffes  from  the  fcale;  and 
with  that  extent  make  marks  along  the  line  of  the 
Moon’s  path  PGN:  then  divide  each  fpace  from 
mark  to  mark,  into  60  equal  parts,  or  horary  mi- 
nutes, and  fet  the  hours  to  the  proper  dots  in  fuch 
a manner,  that  the  dot  fignifying  the  inftant  of 
Full  Moon  (viz.  50  minutes  50  feconds  after  III 
in  the  morning)  may  be  in  the  point  G,  where  the 
line  of  the  Moon’s  path  cuts  the  line  that  bifeds 
the  angle  D CE. 

Take  the  Moon’s  femidiameter,  15’  39",  in  your 
compaffes  from  the  fcale,  and  with  that  extent,  as 
a radius,  upon  the  points  N,  Fy  andP,  as  centers, 
deferibe  the  circle  ^for  the  Moon  at  the  begin- 
ning of  the  Eclipfe,  when  fhe  touches  the  Earth’s 
fhadow  at  V;  the  circle  R for  the  Moon  at  the 
middle  of  the  Eclipfe;  and  the  circle  S for  the 
Moon  at  the  end  of  the  Eclipfe,  juft  leaving  the 
Earth’s  fhadow  at  W. 

The  point  Ndenotes  the  inftantwhen  theEclipfe 
begi  ns,  namely,  at  15  minutes  10  feconds  after  II 
in  the  morning:  the  point  F the  middle  of  the 
Eclipfe  at  47  minutes  45  feconds  paft  III;  and 
the  point  P the  end  of  the  Eclipfe,  at  18  minutes 

after 
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after  V.—At  the  greateft  obfcuration  the  Moon  U 
10  digits  eclipfed. 


Concerning  an  antient  Eclipje  of  the  Moon. 

It  is  recorded  by  Ptolemy,  from  Hipparchus,  that 
on  the  2 2d  of  September,  the  year  201  before  the 
firft  year  of  Chrift,  the  Moon  rofe  fo  much  eclipfed 
at  Alexandria,  that  the  eclipfe  muft  have  begun 
about  half  an  hour  before  flie  rofe. 

Mr.  Carey  puts  down  the  Eclipfe  In  his  Chrono- 
logy as  follows,  among  feveral  other  antient  ones, 
recorded  by  different  authors. 


lul.  Per. 

45«3* 
Sept.  zz. 


Eel.  o Per.  Calip.  2 An.  54.  Hur,  7. 
P , M,  Alexandr.  Dig.  tccl.  lo. 
[Ptolem.  /.  4.  f.  ii.J 


Nalonajfetr 


That  is,  in  the  45 13th  year  of  the  Julian  period, 
which  was  the  547th  year  from  Nabonajfer,  and  the 
54th  year  of  the  fecond  Calipic  period,  on  the  i6th 
day  of  the  month  Mefori  (which  anfwers  to  the 
22d  o( September)  the  Moon  was  10  digits  eclipfed 
at  Alexandria,  at  7 o’clock  in  the  evening. 

Now,  as  our  Saviour  was  born  (according  to  the 
Dionyfian  or  vulgar  asra  of  his  birth)  in  the  4713th 
year  of  the  Julian  period.  It  is  plain  that  the  451 3th 
year  of  that  period  was  the  200th  year  before  the 
year  of  Chrift’s  birth;  and  confequently  201  years 
before  the  year  of  Chrift  i. 

And,  in  the  year  201,  on  the  22d  of  September, 
it  appears  by  Example  V.  (page  324)  that  the 
Moon  was  full  at  26  minutes  28  feconds  paft  VII 
in  the  evening,  in  the  meridian  of  Alexandria. 

At  that  time,  the  Sun’s  place  was  Virgo  26®  14', 
according  to  our  Tables;  fo  that  the  Sun  was  then 
within  4 degrees  of  the  Autumnal  Equinox:  and 
according  to  calculation  he  muft  have  fet  at  Alex- 
ftidria  about  5 minutes  after  VI,  and  about  one 
degree  north  of  the  weft. 
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The  Moon  being  Full  at  that  time,  would  have 
rifen  iuft  at  Sunfet,  about  one  degree  fouth  of  the 
if  Ihe  had  been  in  either  of  her  Nodes,  and 
her  vifible  place  not  deprefied  by  Parallax. 

But  her  parallaftic  depreffion  (as  appears  from 
her  Anomaly,  viz.  io‘  6°  nearly)  muft  have  been 
rr'  n" • which  exceeded  her  whole  diameter  by 
oi'  t but  then,  Ihe  muft  have  been  elevated 
-V  . r"  by  refraftion;  which,  fubtrafted  from  her 
Parallax,  leaves  32"  for  her  viftble  or  appa- 
rent deprelTion.  t j r A 

And  her  true  latitude  was  30-5,  north  delcend- 

ing,  which  being  contrary  to  her  apparent  de- 
preflion,  and  greater  than  the  fame  bv  8 58  , her 
true  time  of  rifing  muft  have  been  juft  about  VI 
o’clock. 

Now,  as  the  Moon  rofe  about  one  degree  louth 
of  the  eaft  at  Alexandria,  where  the  vifible  Hori- 
zon is  land,  and  not  fea,  we  can  hardly  imagine 
her  to  have  been  lefs  than  13  br  20  minutes  of 
time  above  the  true  Horizon  before  (he  was  vifible. 

It  appears  by  Fig.  4j  which  is  a delineation  of 
this  Eclipfe  reduced  to  the  time  at  Alexandria,,  that 
the  Eclipfe  began  at  53  minutes  after  V in  the 
evening ; and  confequently  7 minutes  before  the 
Moon  was  in  the  true  Horizon  : to  which,  if  wc 
^dd  20  minutes  for  the  interval  between  her  true 
rifing  and  her  being  vifible,  we  ftiall  have  27  mi- 
nutes for  the  time  that  the  Eclipfe  was  begun 
before  the  Moon  was  vifibly  rifen. — The  middle 
of  this  Eclipfe  was  at  30  minutes  paft  VII,  when 
its  quantity  was  almoft  10  digits,  and  its  ending 
was  at  6 minutes  paft  IX  in  the  evening — So  that 
our  Tables  come  as  near  to  the  recorded  time  of 
this  Eclipfe  as  cftn  be  expefted,  after  ^n  elapfc  of 
years,  ; ' 
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Why  the 
fixed  Stars 
appear  big> 
ger  when 
viewed  by 
thebaiecye, 
than  when 
feenthrough 
a celefcope. 


A proof  that 
they  (bine 
by  their 
«wn  light. 


354*  ^1  ^HE  Stars  are  faid  to  be  fixed,  becaufe 
X they  have  been  generally  obferved  to 
keep  at  the  lame  diltances  from  each  other,  their 
apparent  diurnal  revolution  being  caufed  folely  by 
the  Earth’s  turning  on  its  Axis.  They  appear  of 
a fenfible  magnitude  to  the  bare  eye,  becaufe  the 
retina  is  affefted  not  only  by  the  rays  of  light 
which  are  emitted  direftly  from  them,  but  by 
many  thoufands  more,  which  falling  upon  our  eye- 
lids, and  upon  the  aerial  particles  about  us,  are 
reflefted  into  our  eyes  fo  ftrongly,  as  to  excite 
vibrations  not  only  in  thofe  points  of  the  retina 
where  the  real  images  of  the  Stars  are  formed,  but 
alfo  in  other  points  at  fome  diftance  round  about. 
This  makes  us  imagine  the  Stars  to  be  much  big- 
ger than  they  would  appear,  if  we  faw  them  only 
by  the  few  rays  which  come  direfUy  from  them, 
fo  as  to  enter  our  eyes  without  being  intermixed 
with  others.  Any  one  may  be  fenfible  of  this,  by 
looking  at  a Star  of  the  firft  magnitude  through 
a long  narrow  tube;  which,  though  it  takes  in  as 
much  of  the  Sky  as  would  hold  a thoufand  fuch 
Stars,  it  fcarce  renders  that  one  vifible. 

The  more  a telefcope  magnifies,  the  lefs  is  the 
aperture  through  which  the  Star  is  feen ; and 
confequently  the  fewer  rays  it  admits  into  the  eye. 
Now  fince  the  Stars  appear  lefs  in  a telefcope  which 
magnifies  200  times  than  they  do  to  the  bare  eye, 
infomuch  that  they  feem  to  be  only  indivifible 
points,  it  proves  at  once  that  the  Stars  are  at  im- 
menfe  diftances  from  us,  and  that  they  Ihine  by 
their  own  proper  light.  If  they  fhone  by  bor- 
rowed light,  they  would  be  as  invifible  without 
telefcopcs  as  the  Satellites  of  Jupiter  are:  for  thefe 

Satellites 
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Satellites  appear  bigger  when  viewed  with  a good 
tclefcope  than  the  largeft  fixed  Stars  do. 

355.  The  number  of  Stars  difcoverable,  in  ei- 
ther Hemifphere,  by  the  naked  eye,  is  not  above 
a thoufand.  This  at  firft  may  appear  incredible, 
becaufe  they  feem  to  be  without  number:  But  the  Theimum- 
deception  arifes  from  our  looking  confufedly  upon 
them,  without  reducing  them  into  any  order.  For  ^neraiiy 

look  but  ftedfaftly  upon  a pretty  large  portion  of 
the  Sky,  and  count  the  number  of  Stars  in  it,  and 
you  will  be  furprifed  to  find  them  fo  few.  And,  if 
one  confiders  how  feldom  the  Moon  meets  with 
any  Stars  in  her  way,  although  there  are  as  many 
about  her  path  as  in  other  parts  of  the  Heavens, 
he  will  foon  be  convinced  that  the  Stars  are  much 
thinner  fown  than  he  was  aware  of.  The  Britip 
catalogue,  which,  befides  the  Stars  vifible  to  the 
bare  eye,  includes  a great  number  which  cannot 
be  feen  without  the  affiftance  of  a telefcope,  con- 
tains no  more  than  3000,  in  both  Hemifpheres. 

350.  As  we  have  incomparably  more  light  from  The  abfur- 
the  Moon  than  from  all  the  Stars  together,  it  is  pofin'’Jihe* 
the  greateft  abfurdity  to  imagine  that  the  Stars 
were  made  for  no  other  purpofe  than  to  caft  a faint 
light  upon  the  Earth;  efpecially  fince  many  more  onus  in  the 
require  the  affiftance  of  a good  telefcope  to  find 
them  out,  than  are  vifible  without  that  inftrument. 

Our  Sun  is  furrounded  by  afyftem  of  planets  and 
CometS}  all  which  would  be  invifible  from  the 
neareft  fixed  Star.  And  from  what  we  already 
know  of  the  immenfe  diftance  of  the  Stars,  the 
neareft  may  be  computed  at  32,000,000,000,000 
of  miles  from  us,  which  is  further  than  a cannon- 
ball would  fly  in  7,000,000  of  years.  Hence  it 
is  eafy  to  prove,  that  the  Sun,  feen  from  fuch  a 
diftance,  would  appear  no  bigger  than  a Star  of 
the  firft  magnitude.  From  all  this  it  is  highly 
probable  that  each  Star  is  a Sun  to  a fyftem  of 
worlds  moving  round  it,  though  unfeen  by  us ; 
efpecially  as  the  doctrine  of  plurality  of  worlds  is 

rational. 
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fioo* 


O/"  the  fixed  Stars, 

rational,  and  greatly  manifefts  the  PoWer,  Wif- 
dom,  and  Goodnefs  of  the  Great  Creator. 

357.  The  Stars,  on  account  of  their  apparently 
various  magnitudes,  have  been  diftributed  into 
feveral  clafles  or  orders.  Thofe  which  appear 
largeft,  are  called  Stars  of  the  fir Jl  magnitude-,  the 
next  to  them  in  luftre,  Stars  of  the  fecond  magnitude-, 
and  fo  on  to  the  Jixth,  which  are  the  fmalleft  that 
are  vifible  to  the  bare  eye.  This  diftribution  hav- 
ing been  made  long  before  the  invention  of  tele- 
fcopes,  the  Stars  which  cannot  be  feen  without  the 
alTiftance  of  thefe  inftruments,  are  diftinguiflied  by 
the  name  of  Telejcopic  Stars. 

358.  The  antients  divided  the  ftarry  Sphere  into 
particular  Conftellations,  or  Syftems  of  Stars,  ac- 
cording as  they  lay  near  one  another,  fo  as  to  oc- 
cupy thofe  fpaces  which  the  figuresT  of  different 
forts  of  animals  or  things  would  take  up,  if  they 
were  there  delineated.  And  thofe  Stars  which 
could  not  be  brought  into  any  particular  Connell 
lation,  were  called  unformed  Stars. 

359.  This  divifion  of  the  Stars  into  different 
Conrtellations  or  Afterifms,  ferves  to  diftinguifli 
them  from  one  another>  fo  that  any  particular 
Star  may  be  readily  found  in  the  Heavens  by  means 
of  a Ccleftial  Globe;  on  which  the  Conftellations  j 
are  fo  delineated  as  to  put  the  moft  remarkable  - 
Stars  into  fuch  parts  of  the  figures  as  are  moft  eafily 
diftinguiflied.  The  number  of  the  ancient  Con- 
ftellations is  48,  and  upon  our  prefent  Globes  J 
about  70.  On  Senex\  Globes,  Bayer^^  Letters  are  | 
inferred;  the  firft  in  the  Greek  Alphabet  being  put 
to  the  biggeft  Star  in  each  Conftellation,the  fecund  I 
to  the  next,  and  fo  on ; by  which  means,  every  Star 
is  as  eafily  found  as  if  a name  were  given  to  it. 
Thus,  if  the  Star  y in  the  Conftellation  of  the  Ra?n 
be  mentioned,  every  Aftronomer  knows  as  well 
what  Star  is  meant,  as  if  it  were  pointed  out  to 
him  in  the  Heavens, 

s 

360.  There 
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3*5o.  There  is  alfo  a divifion  of  the  Heavens  Thez»^/«f. 
into  three  parts,  i.  The  Zodiac  from 

Pcciiov  Zodioti  an  Animal,  becaufe  moft  of  the  Con- 
ftcllations  in  it,  which  are  twelve  in  number,  arc 
the  figures  of  Animals:  as  Jries  the  Ram,  Taurus 
the  Bull,  Gemini  the  Twins,  Cancer  the  Crab,  Leo 
the  Lion,  Virgo  the  Virgin,  Libra  the  Balance, 

Scorpio  the  Scorpion,  Sagittarius  the  Kxchtr yCapri- 
conius  the  Goat,  Aquarius  the  Water-bearer,  and 
Fijees  the  Fiflies.  The  Zodiac  goes  quite  round 
the  Heavens  : it  is  about  i6  degrees  broad,  fo 
that  it  takes  in  the  Orbits  of  all  the  Planets,  and 
likewife  the  Orbit  of  the  Moon,  Along  the  mid- 
dle of  this  Zone  or  Belt  is  the  Ecliptic,  or  Circle 
which  the  Earth  deferibes  annually  as  feen  from 
the  Sun  j and  which  the  Sun  appears  to  deferibe 
as  feen  from  the  Earth.  2.  All  that  Region  of 
the  Heavens,  which  is  on  the  north  fide  of  the  Zo- 
diac, contains  21  Conftellations.  And,  3d,  That 
on  the  fouth  fide,  15. 

361.  The  antients  divided  the  Zodiac  into  the  The  man- 
above  12  Conftellations  or  Signs  in  the  following 
manner.  They  took  a veflel  with  a fmall  hole  in  amienu. 
the  bottom,  and  having  filled  it  with  water,  fuf- 
fered  the  fame  to  diftil  drop  by  drop  Into  another 
veffcl  fet  beneath  to  receive  itj  beginning  at  the 
1 moment  when  fome  Star  rofe,and  continuing  until 
i it  rofe  the  next  following  night.  The  water  fallen 
i down  into  the  receiver  they  divided  into  twelve 
! equal  parts:  and  having  two  other  fmall  veflfels  in 
readinefs,  each  of  them  fit  to  contain  one  parr,  they 
again  poured  all  the  water  into  the  upper  veflel, 

■ and  oblerving  the  rifing  of  fome  Star  in  the  Zodiac y 
; they  at  the  fame  time  fuffered  the  water  to  drop 
! into  one  of  the  fmall  vefTelsj  and  as  foon  as  it  was 
r full  they  fhifted  it,  and  fet  an  empty  one  in  its 
place.  When  each  veffel  was  full,  they  took  no- 
tice what  Star  of  the  Zodiac  rofe;  and  though  this 
• could  not  be  done  in  one  night,  yet  in  many  they 

ob- 


35  2 Of  the  fixed  Stars, 

obferved  the  rifing  of  twelve  Stars  or  points,  by  which 
they  divided  the  Zodiac  into  twelve  parts. 

362.  The  names  of  the  conftellations,  and  the  number 
of  Stars  obferved  in  each  of  them  by  different  Aftrono- 
mers,  are  as  follows: 


The  ancient  Conftellations. 


Urfa  minor 
Urla  major 
Draco 
Cepheus 

Bootes,  Areiophilax 
Corona  Borealis 
Hercules,  Engonajin 
Lyra 

Cygnus,  Gallina 
Caffiopea 
Perfeus 
Auriga 

Serpen  tarius,  Ophtuchus 

Serpens 

Sagitca 

Aquila,  Vultur 

Antinous 

Delphinus 

Equulus,  Equl  feRio 

Pegafus,  Equuj 

Andromeda 

Triangulum 

Aries 

Taurus 

Gemini 

Cancer 

Leo 

Coma  Berenices 
Virgo 

Libra  Chela 

Scorpius 

Sagittarius 

Capricornus 

Aquarius 

Pi  fees 

Cetus 

Orion 

Eridanus,  Flwvius 
Lepus 
Canis  major 
Canis  minor 


The  Little  Bear 
The  Great  Bear 
The  Dragon 
Cepheus 

The  Northern  Crown 
Hercules  Kneeling 
The  Harp 
The  Swan 

The  Lady  in  her  Chair 
Perfeus 

The  Waggoner 
Serpentarius 
The  Serpent 
The  Arrow 
The  Eagle  7 
Antinous  f 
The  Dolphin 
The  Horfe’s  Head 
The  Flying  Horfe 
Andromeda 
The  Triangle 
The  Ram 
The  Bull 
The  Twins 
The  Crab 
The  Lion  7 
Berenice’s  Hair  J 
The  Virgin 
The  Scales 
The  Scorpion 
The  Archer 
The  Goat 
The  Water-bearer 
The  Filhes 
The  Whale 
Orion 

Eridanus,  the  River 
The  Hare 
The  Great  Dog 
The  Little  Dog 


Ptolimy.  Tycho.  Hevtl.  Flamft, 


8 

7 

12 

24 

35 

29 

73 

87 

3» 

32 

40 

80 

13 

4 

5* 

35 

23 

18 

52 

54 

8 

8 

8 

2 1 

29 

28 

45 

"3 

10 

1 1 

»7 

21 

18 

47 

81 

>3 

26 

-37 

55 

29 

29 

46 

59 

H 

9 

40 

■66 

29 

15 

40 

74 

18 

13 

22 

64 

5 

5 

5 

18 

*5 

12 

3 

23 

>9 

7* 

10 

10 

H 

18 

4 

4 

6 

10 

20 

*9 

38 

89 

23 

23 

47 

66 

4 

4 

12 

16 

18 

21 

27 

66 

44 

43 

5* 

141 

25 

25 

38 

•85 

*5 

29 

83 

30 

49 

95 

o!> 

14 

21 

43 

32 

33 

50 

1 10 

17 

10 

20 

5* 

24 

10 

20 

44 

3‘ 

14 

22 

69 

28 

z8 

29 

5» 

45 

4‘ 

47 

108 

3« 

36 

39 

i>3 

22 

21 

45 

97 

38 

42 

6z 

78 

34 

10 

27 

84 

12 

>3 

16 

*9 

29 

»3 

21- 

3‘ 

2 

2 

*3 

>4 

The 
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The  ancient  Conftdlations.  Ptolemy.  H'ycho.  Ilei'cl.  Flanijl. 


Argo 

The  Ship 

45 

3 

4 64 

Hydra 

7'he  Hydra 

27 

1 9 

31  60 

Crater 

The  Cop 

7 

3 

10  31 

Corwus 

The  Crow 

7 

4 

9 

Centauru* 

The  Centaur 

37 

35 

Lupus 

The  Wolf 

24 

Ara 

The  Altar 

7 

9 

Corona  Aullralis 

The  Southern  Crown 

>3 

12 

Pifcis  Aullralis 

The  Southern  Filh 

iS 

24 

The  New  Souihern  Conftellations. 


Columba  N»ochi  Noah’s  Dov«  / lo 

Robur  Carolinura  The  Royal  Oak  12 

Grus  The  Crane  . 13 

Phcenlx  The  Phenix  13 

Indus  The  Indian  12 

Pavo  The  Peacock  14 

Apus,  An)h  Indica  The  Bird  of  Paradife  1 1 

Apis,  Mufca  The  Bee  or  Fly  4 

Chaina:leon  •>  The  Chameleon  lo 

Triangulum  Aullralis  The  South  Triangle  . ^ 

Pifcis  volans,  Pajfer  I'he  Flyirtg  Fifh  6 

Dorado,  Xiphias  The  Sword  Filh  * 6 

Toucan  ' The  American  Goofe  9 

Hydros  The  Water  Snake  10 


}leveluis\  Conllellations  made  out  of  the  unformed  Stars. 


Lynx 
Leo  minor 
Aileron  and  Chara 
Cerberus 

Vulpecula  and  Anfer 
Scutum  Sobiefki 
Lacerta 

Camelopardalus 

Monoccros 

Sextans 


The  Lynx 
The  Little  L*on 
The  Greyhounds  • 
Cerberus 

The  Fox  and  Goofe 
Sobielki’s  Shield 
The  Lizard 
The  Camelopird 
The  Unicorn 
The  Sextant 


Hcvclius. 

Flamji. 

‘9 

, 44 

53 

23 

25 

4 

27 

35 

7 

16 

32 

5» 

»9 

3* 

11 

4» 

363.  There  is  a remarkable  track  round  the 
Heavens,  called  the  Way.,  from  its  peculiar 

whitenefs,  which  is  found,  by  means  of  the  tele- 
fcope,  to  be  owing  to  a vafl:  number  of  very  fmall 
Stars  that  are  fituated  in  that  part  of  the  hea- 

* ven-s. 
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Lucid  Spots. 


Cloudy 

Stais, 


Q/* Lucid  Spots  in  the  Heavens. 

vens.  This  track  appears  fingle  in  fome  parts, 
in  others  double. 

364.  There  are  leveral  little  whitifh  fpots  in  the 
Heavens,  which  appear  magnified, and  more  lumi- 
nous, when  Teen  through  telefcopes ; yet  without 
any  Stars  in  them.  One  of  thefe  is  in  Andromeda^s 
girdle,  and  was  firft  obfervedy^.D.  1612,  by  Simon 
Marius:  it  has  fome  whitifh  rays  near  its  middle, 
is  liable  to  feveral  changes,  and  is  fometimes  invi- 
fible.  Another  is  near  the  Ecliptic,  between  the 
head  and  bow  of  Sagittarius : it  isfmall,  but  very 
luminous.  A third  is  on  the  back  of  the  Centaur^ 
which  is  too  far  fouth  to  be  feen  in  Britain.  A 
fourth,  of  a fmaller  fize,  is  before  Antinous’s  right 
foot,  having  a ftar  in  it,  which  makes  it  appear 
more  bright.  A fifth  is  in  the  Conftellation  of 
Hercules.,  between  the  Stars  and  »i,  which  fpot, 
though  but  fmal),  is  vifible  to  the  bare  eye,  if  the 
Sky  be  clear,  and  the  Moon  abfent. 

365.  Cloudy  Stars  are  fo  called  from  their  mifty 
appearance.  They  look  like  dim  Stars  to  the 
naked  eye;  but  through  a telefcope  they  appear 
broad  illuminated  parts  of  the  Sky;  in  fome  of 
which  is  one  Star,  in  others  more.  Five  of  thefe 
are  mentioned  by  Ptolemy,  i.  One  at  the  extre- 
mity of  the  right  hand  of  Perjeus.  2.  One  in  the 
middle  of  the  Crab.  j.  One  unformed,  near  the 
Sting  of  the  Scorpion.  4.  The  eye  of  Sagittarius. 
5.  One  in  the  head  of  Orion.  In  the  firlt  of  thefe 
appear  more  Stars  through  the  telefcope  than  in 
any  of  the  reft,  although  21  have  been  counted  in 
the  head  of  Orion,  and  above  40  in  that  of  the 
Crab.  Two  are  vifible  in  the  eye  of  Sagittarius 
•without  a telefcope,  and  feveral  more  with  it. 
Flamftead  obferved  a cloudy  Star  in  the  bow  of 
Sagittarius,  containing  many  fmall  Stars:  and  the 
Star  above  Sagittarius's  right  fiioulder  is  encom- 
pafled  with  feveral  more.  Both  CaJJini  and  Flam^ 
Jlead  difcovered  one  between  the  Great  and  Little 
Dog,  which  is  very  full  of  Stars  vifible  only  by  the 

telefcope. 
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telefcope.  The  two  whitifh  Spots  near  the  South 
Pole,  called  xht  Magellanic  Clouds  by  Sailors,  which 
to  the  bare  eye  refemble  part  of  the  Milky  Way, 
appear  through  telefcopes  to  be  a mixture  of  fmall 
Clouds  and  Stars.  But  the  moft  remarkable  of  all 
the  cloudy  Stars  is  that  in  the  middle  of  Orion's 
Sword,  where  feven  Stars  (of  which  three  are  very 
clofe  together)  feem  to  (hine  through  a cloud,  very 
lucid  near  the  middle,  but  faint  and  ill  defined 
about  the  edges.  It  looks  like  a gap  in  the  Iky, 
through  which  one  may  fee  (as  it  were)  part  of  a 
much  brighter  region.  Although  moft  of  thefe 
fpaces  are  but  a few  minutesof  a degree  in  breadth, 
yet,  fince  they  are  among  the  fixed  Stars,  they  muft 
be  fpaces  larger  than  what  is  occupied  by  our  Solar 
Syftem;  and  in  which  there  feems  to  be  a perpe- 
tual uninterrupted  day  among  numberlefs  Worlds, 
which  no  human  art  ever  can  difcover. 

366,  Several  Stars  are  mentioned  by  ancient 
Aftronomers,  which  are  not  now  to  be  found;  and 
others  are  now  vifible  to  the  bare  eye  which  are 
not  recorded  in  the  ancient  catalogue.  Hipparchus 
obfervedanewStarabout  i aoyears beforeCnRiST; 
but  he  has  not  mentioned  in  what  part  of  the  Hea- 
vens it  was  feen, although  itoccafioned  hismaking 
a Catalogue  of  the  Stars ; which  is  the  moft  ancient 
that  we  have. 

The  firft  New  Star  that  we  have  any  good  ac- 
count of,  was  difcovered  by  Cornelius  Gemma  on 
the  8th  of  November,  A.  D.  1572,  in  the  Chair  of 
Cajfiopea.  It  furpafted  S'lrius  in  brightnefs  and 
magnitude;  and  was  feen  for  16  months  fuccef- 
fively.  At  firft  it  appeared  bigger  than  Jupiter  to 
fome  eyes,  by  which  it  was  feen  at  mid-day;  after- 
wards it  decayed  gradually  both  in  magnitude  and 
luftre, until  157  when  it  became  invifible. 

On  the  13th  of  Auguji  1596,  David Fahricius  ob- 
ferved  the  Stella  Mira,  or  wonderful  Star,  in  the 
Neck  of  the  Whale-,  which  has  been  fince  found  to 
appear  and  difappear  periodically  feven  timers  in 
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fix  years,  continuing  rn  the  greaceft  lufire  for 
days  together;  and  is  never  quite  extinguifhed. 

In  the  year  1600,  William^ anjeniiis  diTcavered  a 
changeable  Star  in  the  Neck  of  the  Swan-,  which, 
in  time,  became  fo  finall  as  to‘be  thought  to  dif- 
appear  entirely,  till  the  years  1657,  165H,  and 
1659,  when  it  recovered  its  former  lullre  and 
maonitudej  but  foon  decayed,  and  is  now  of  the 
fmaileft  fize. 

In  the  year  1604,  Kepler  and  feveraT  of  his 
friends  faw  a new  Star  near  the  heel  of  the  rightfooc 
of Serpentarius,  fo  bright  and  fparkling,  that  it  ex- 
ceeded any  thing  they  had  ever  feen  before;  and 
took  noticethat  it  was  every  moment  changing  into 
fome  of  the  colours  of  the  rainbow,  except  when 
it  was  near  the  Horizon,  at  which  time  it  was  gene- 
rally white.  It  furpaffed  Jupiter  in  magnitude, 
vvh'ch  was  near  it  all  the  month  of  Odfoher,  but 
eafily  diftinguiflied  from  Jupiter  by  the  Heady 
light  of  that  Planet.  Itdifappeared  between 
1605,  and  the  February  io\\o-'^\ng,  and  has  not 
been  feen  fince  that  time. 

In  the  year  i^~iO^July  15.,  Hevelius  difeovered 
a new  Star,  which  in  OSiober  was  fo  decayed  as  to 
be  fcarce  perceptible.  In  April  following  it  re- 
sained  its  luftre,  but  wholly  difappeared  in  Augiiji. 
In  March  1672,  it  was  feen  again,  but  very  fmall,- 
and  has  not  been  vifible  fince. 

In  the  year  1686,  a new  Star  was  difeovered  by 
Kirch,  which  returns  periodically  in  40+  days. 

In  the  year  1672,  CaJJhii  faw  a Star  in  the  Neck 
of  the  Bull,  which  he  thought  was  not  vifible  in 
Ty chop's  time;  nor  when  Bayer  made  his  Figures, 
ca-^no.  bf  . 367.  Many  Stars,  befide  thofe  above  mentioned, 

Coineis.  have  been  obferved  to  change  their  magnitudes  ; 

and  as  none  of  them  could  ever  be  perceived  to 
have  tails,  it  is  plain  they  could  not  be  Comets; 
efpecially  as  they  had  no  Parallax,  even  when  largeft 
and  brightefi.  It  would  feem  that  the  peiiodical 

Scars  have  vaft  clufters  of  dark  fpots,  and  very 
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now  rotations  on  their  Axes;  by  which  means, 
they  mud  difappear  when  the  fide  covered  with 
fpots  is  turned  toward  us.  And  as  for  thole  w'hich 
break  out  all  of  a fudden  with  fuch  luftrej  it  is  by 
fio  means  improbable  that  they  are  Suns  whofe 
fuel  i-s  almoft  fpent,  and  again  fupplied  by  fome 
of  their  Comets  falling  upon  them,  and  occafion- 
ing  an  uncommon  blaize  and  fplendonr  for  fome 
time  ; which  indeed  appears  to  be  the  greatefl  ufe 
of  the  cometary  part  of  any  fyftem 

Some  of  the  Stars,  particularly  JrBurus,  have 
been  oblerved  to  change  their  places  above  a mi- 
nute of  a degree  with  refpedt  to  others.  But  whe- 
ther this  be  owing  to  any  real  motion  in  the  Stars 
them.felves,  muft  require  the  obfervations  of  many 
ages  to  determine.  If  our  Solar  Syftem  changes 
its  place,  with  regard  to  abfolute  fpace,  this  mud 
in  procefs  of  time  occafion  an  apparent  change  in 
the  didances  of  the  Scars  from  each  other:  and  in 
fuch  a cafe,  the  places  of  the  neared  Stars  to  us 
being  more  affedted  than  thofe  which  are  very  re- 
mote, their  relative  pofuions  mud  feem  to  alter, 
though  the  Stars  themfelves  were  really  immove- 
able. On  the  other  hand,  if  our  own  Sydem  be  at 
red,  and  any  of  the  Stars  in  real  motion,  this  mud 
vary  their  pofitions ; and  the  more  fo,  the  nearer 

* M.  Mauftertuis,  5n  hi?  diflertation  on  the  figures  of  the 
Celcft’al  Bodies  (p.  6 i — 63),  is  of  opinion  that  fome  Stars,  by 
their  pro:igions  quiclc  rotations  on  their  Axes,  may  not  only 
all'ume  the  ligures  of  oblate  fpheroids,  but  that.,  by  the  great 
centiifugal  force,  arifing  from  fuch  rotations,  they  may  be- 
come of  the  figures  of  mill-ftones;  or  be  reduced  to  flat  cir- 
cular planes,  fo  thin  as  to  be  quite  invifible  when  their  edges 
are  turned  toward  us;  as  Saturn’s  Ring  is  in  fuch  pofitions. 
But  when  any  eccentric  Planets  or  Comets  go  round  any  flat 
Star,  in  Orbits  much  inclined  to  its  Equator,  the  attraflion 
of  the  Planets  or  Comets  in  their  Perihelions  muft  alter  the 
inclination  of  the  Axis  of  that  Star  ; on  which  account  it  will 
appear  more  or  lefs  large  and  luminous,  as  its  broad  fide  is 
Kftore  or  lefs  turned  toward  us,  And  thus  he  imagines  we  may 
account  for  the  apparent  changes  of  magnitude  and  luftre  in 
thofe  Star;,  and  likcwife  for  their  appearing  and  difappearing. 
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they  are  to  us,  or  fwifter  their  motions  are  ; or 
the  more  proper  the  diredlion  of  their  motion  is 
for  our  perception. 

368.  The  obliquity  of  the  Ecliptic  to  the 
Equinoftial  is  found  at  prefent  to  be  above  the 
third  part  of  a degree  lefs  than  Ptolemy  found  it. 
And  moft  of  the  obfervers  after  him  found  it  to 
decreafe  gradually  down  to  PychPs  time.  If  it 
be  objedled,  that  we  cannot  depend  on  the  ob- 
fervations  of  the  ancients,  becaufe  of  the  incor- 
reflnefs  of  their  inftruments;  we  have  to  anfwer, 
that  both  "Tycho  and  Flamjiead  are  allowed  to  have 
been  very  good  obfervers;  and  yet  we  find  that 
Flamjiead  makes  this  obliquity  1^  minutes  of  a 
degree  Icfs  than  Tycho  did,  about  too  years  be- 
fore him:  and  as  Ptolemy  was  1324  years  before 
Tychoy  fo  the  gradual  decreafe  anfwers  nearly  to 
the  difference  of  time  between  thefe  three  Aftro- 
nomers.  If  we  confider,  that  the  Earth  is  not  a 
perfedt  fphere,  but  an  oblate  fpheroid,  having  its 
Axis  fhorter  than  its  equatorial  diameter;  and  that 
the  Sun  and  Moon  are  conftantly  adting  obliquely 
upon  the  greater  quantity  of  matter  about  the 
Equator,  pulling  it,  as  it  were,  toward  a nearer 
and  nearer  co-incidenee  with  the  Ecliptic;  it  will 
not  appear  improbable  that  thefe  adtions  fhould 
graduallydiminifli  the  Angle  between  thofe  Planes. 
Nor  is  it  lefs  probable  that  the  mutual  attradlion 
of  all  the  Planets  fhould  have  a tendency  to  bring 
their  Orbits  to  a co-incidence:  but  this  change  i> 
too  fmall  to  become  fenfible  in  many  ages. 
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CHAP.  XXL 

Of  the  Bivifwn  of  Time.  A perpetual  Table  of  Ne-w 

Moons.  The  Times  of  the  Birth  and  Death  of 

Christ.  A Table  of  remarkable  JEras  or  Events. 

369.  HE  parts  of  Time  are  Seconds,  Minutes, 

X Hours,  Days,  l^ears.  Cycles,  Ages,  and 
Periods. 

^■jo.  The  original  ftandard,  or  integral  mealure 
of  time,  is  a Year;  which  is  determined  by  the 
Revolution  of  fome  Celeftial  Body  in  its  Orbit, 
viz.  the  Sun  or  Moon. 

371.  The  Time  meafured  by  the  Sun’s  Revolu- 
tion in  the  Ecliptic,  from  any  Equinox  or  Solftice 
to  the  fame  again,  is  called  the  Solar  or  Tropical 
7'ear,  which  contains  365  days,  5 hours,  48  mi- 
nutes, 57  leconds;  and  is  the  only  proper  or  na- 
tural year,  becaufe  it  always  keeps  the  fame  fea- 
fons  to  the  fame  months. 

372.  The  quantity  of  time  meafured  by  the 
Sun’s  Revolution  as  from  any  fixed  Star  to  the 
fame  Star  again,  is  called  the  Sydereal  Tear ; which 
contains  365  days,  6 hours,  9 minutes,  14^  fe- 
conds;  and  is  20  minutes,  17 1 feconds  longer 
than  the  true  Solar  Year. 

373.  The  time  meafured  by  twelve  Revolutions 
of  the  Moon,  from  the  Sun  to  the  Sun  again,  is 
called  Eunar  Year  \ it  contains  354  days,  8 
hours,  48  minutes,  36  feconds ; and  is  therefore 
10  days,  21  hours,  o minutes,  21  feconds  fhorter 
than  the  Solar  Year.  This  is  the  foundation  of 
the  Epaft. 

374.  The  Civil  Tear  is  that  which  is  in  common 
life  among  the  different  nations  of  the  world ; of 
which,  fome  reckon  by  the  Lunar,  but  molt  by 
theSolar.  The  Civil  Solar  Yearcontains  365  days, 
for  three  years  running,  which  are  called  Common 
Tears-,  and  then  comes  in  what  is  called  the  Bijfex- 
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tile  or  Leap-year,  which  contains  366  days.  This 
is  alio  called  iht  Julian I'car,  on  account  of  Julius 
Cafar,  who  appointed  the  intercalary  day  every 
fourth  year,  thinking  thereby  to  make  the  Civil 
and  Solar  Year  keep  pace  together.  And  this 
day,  being  added  to  the  23d  of  February,  which  in 
the  Roynan  Calendar  was  the  fixth  of  the  Calends 
of  March,  that  fixth  day  was  twice  reckoned,  or 
the  23d  and  24th  were  reckoned  as  one  dayj  and 
was  called  Bis  Jextus  dies,  and  thence  came  the 
nan'e  Biffextile  for  that  year.  But  in  our  common 
Almanacks  this  day  is  added  at  the  end  of  February. 

375.  The  Civil  Lunar  Tear  is  alfo  common  or 
intercalary.  The  common  Year  confifts  of  12 
L.unations,  which  contain  354  days;  at  the  end  of 
which,  the  year  begins  again.  The  hitercalary,  or 
EmbolimicYtear,  is  that  wherein  a month  was  added 
to  adjuft  the  Lunar  Year  to  the  Solar.  This  me- 
thod was  ufed  by  the  Jews,  who  kept  their  account 
by  the  Lunar  Motions.  But  by  intercalating  no 
more  than  a month  of  30  days,  which  they  called 
V^-Adar,  every  third  year  they  fell  3I  days  Ihorc 
of  the  Solar  Year  in  that  time. 

376.  The  Romans  alfo  uled  iht. Lunar  Emboli-^ 
mic  Tear  at  firft,  as  it  was  fettled  by  Romulus  their 
firft  King,  who  made  k to  confift  only  of  ten 
months  or  Lunations;  which  fell  61  days  fliort  of 
the  Solar  Year,  and  fo  their  year  became  quite 
vague  and  unfixed;  for  which  reafon  they  were 
forced  to  have  a Table  publifhed  by  the  High- 
Prieft,  to  inform  them  when  the  fpring  and  other 
feafons  began.  But  Julius  Cajar,  as  already  men- 
tioned, § 374,  taking  this  troublefome  afi-'air  into 
confideration,  reformed  the  Calendar,  by  making 
the  year  to  confift  of  365  days,  6 hours. 

377.  The  year  thus  fettled,  is  what  was  ufed  in 
Britain  till  A.D.  1752:  but  as  it  is  fomewhat  more 
than  1 1 minutes  longer  than  ihcSolarTropicatTear, 
the  times  of  the  Equinoxes  go  backward,  and  fall 
earlier  by  one  day  in  about  130  years.  In  tfte  time 
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of  the  Nicene  Council  (A.  D.  325),  which  was  1439 
years  ago,  the  Vernal  Equinox  fell  on  the  21ft  of 
'March:  and  if  we  divide  1444  by  130,  it  will 
quote  II,  which  is  the  number  of  days  the  Equi- 
nox has  fallen  back  fince  the  Council  of  Nice' 

This  caufing  great  difturbances,  by  unfixing  the 
times  of  thecelebtation  of  Eajler^  and  coniequently 
of  all  the  other  moveable  Feafts,  Pope  Gregory  the 
XIII.  in  the  year  1582,  ordered  ten  days  to  be  at 
once  ftruek  out  of  that  year;  and  the  next  day 
after  the  fourth  of  OCloher  was  called  the  fifteenth. 

By  this  means  the  Vernal  Equinox  was  reftored  to 
the  2 ill  of  March-,  and  it  was  endeavoured,  by 
the  omiffion  of  three  intercalary  days  in  4P0  years, 
to  make  the  Civil  or  Political  year  keep  pace  with 
the  Solar  for  the  time  to  come.  This  nev/  form 
of  the  year  is  called  the  Gregorian  Account,  or  Ne^Ji} 

Stile-f  which  is  received  in  all  countries  Vk^here  the 
Pope’s  authority  is  acknowledged,  and  ought  to 
be  in  all  places  where  truth  is  regarded. 

378.  The  principal  divifion  of  the  year  is  into  Morahj. 
Months,  which  are  of  two  forts,  namely,  Ajironomi- 
cal  and  Civil.  The  Aftronomical  month  is  the 
time  in  which  the  Moon  runs  through  the  Zod.ac, 
and  is  either  Periodical  or  Synodical.  The  Peri- 
odical Month  is  the  time  fpent  by  the  Moon  in 
making  one  complete  Revolution  from  any  point 
of  the  Zodiac  to  the  fame  again;  which  is  'if  f 
43'".  The  Synodical  Month,  called  a Lunation, 
is  the  tirne  contained  between  the  Moon’s  parting  . 
with  the  Sun  at  a Conjundlion,  and  returning  to 
him  again;  which  is  29'*  12*'  44"’.  The  Civil 
Months  are  thofe  which  are  framed  for  the  ufes  of 
civil  life;  and  are  different  as  to  their  names, 
number  of  day?,  and  times  of  beginning,  in  feve- 
ral  different  Countries.  The  firlt  month  of  the 
ftvoifh  TearAeW,  according  to  the  Moon,  in  our 
Augufl  and  September,  Old  Stile ; the  fecond  in 
September  and  October-,  and  fo  on.  The  firft 
ly^onth  of  \\\z  Egyptian  Tear  began  on  the  29th  of 
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The  firft  month  of  the  Arabic  and 
Turkijh  Tear  began  the  )6th  of  July,  The  firft 
month  of  the  Grecian  Tear  fell,  according  to  the 
Moon,  in  June  and  July^  the  fecond  in  July  and 
Augujly  and  fo  on,  as  in  the  following  Table. 

379.  A month  is  divided  into  four  parts  called 
IVeeks^  and  a week  into  feven  parts  called  Bays\ 
fo  that  in  a Julian  year  there  are  13  fuch  Months, 
or  52  Weeks,  and  one  Day  over.  The  Gentiles 
gave  the  names  of  the  Sun,"  Moon,  and  Planets, 
to  the  Days  of  the  Week.  To  the  firft,  the 
Name  of  the  Sun\  to  the  fecond,  of  the  Moon\ 
to  the  third,  of  Mars  j to  the  fourth,  of  Mercury  j 
to  the  fifth,  of  Jupiter 'y  to  the  fixth,  of  Venus  \ 
and  to  the  feventh,  of  Saturu, 
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ewijh  year. 

Days 

1 

Tifri  — — 

Aug. — Sept. 

30 

2 

Marchelvan  — 

— 

Sept.~-0(ft. 

29 

3 

Cafleau  — — 

— 

061. — Nov. 

30 

4 

Tebeth  — — 

— 

Nov. — Dec. 

29 

5 

Shebat  — — 

— — 

Dec. — Jan, 

30 

6 

Adar  — — 

Jan. — Feb. 

29 

pm 

/ 

NifanorAbib  - 

— 

Feb. — Mar. 

30 

8 

Jiar  ~ — — 

— 

Mar. — Apr. 

29 

9 

Sivan  — ^ — 

— 

Apr. — May 

30 

10 

Tamuz  ' — — 

— 

May — June 

29 

1 1 

Ab  — — — 

— 

June — July 

30 

12 

Elul  - — — 

— 

July— Aug. 

29 

Days  in  the  year 

— — 
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In  the  Embolimic  year  after  Adar  they  added  a 
month  called  Ve-Adar  of  30  days. 
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Days 

I 

Thoth  — — 

Augufl: 

29 

30 

Paophi  — ■ — 

— 

September 

28 

30 

3 

Athir  — — 

Odober 

28 

30 

4 

Chojac  — 

— 

November  27 

30 

5 

Tybi  — — 

— 

December 

27 

30 

b 

Mechir  — — 

— 

January 

26 

30 

7 

Phamenoth  — 

— 

February 

25 

30 

8 

Parmuthi  — 

— 

March 

27 

30 

9 

Pachon  — — 

— 

April 

26 

30 

to 

Payni  — — 

— 

May 

26 

30 

II 

Epiphi  — — 

— 

June 

25 

30 

1 2 Mefori  — — 

— 

July 

2-5 

30 

Epagomena  or  days  added  — 

5 

Days  in  the  year 

— — 

365 

N” 

The  Arabic  and  Turkijh  year. 

Days 

I 

Muharram 

r 

July. 

16 

30 

2 

Saphar  — 

— 

— 

Auguft 

»5 

29 

3 

Rabia  I. 

— 

— 

September 

*3 

30 

4 

-Rabia  II.  ~ 

— 

— 

Odiober 

13 

29 

5 

Jornada  I. 

— 

— 

November 

1 1 

30 

6 

Jornada  II, 

— 

— 

December 

1 1 

29 

7 

Rajab  — 

— 

— 

January 

9 

30 

8 

Shafban 

— ■ 

— 

P'ebruary 

8 

29 

9 

Ramadam 

— 

— 

March 

9 

30 

10 

Shawal  — 

— 

— 

April 

8 

29 

1 1 

Dulhaadah 

— 

— 

May 

7 

30 

12 

Dulheggia 

— 

— 

June 

5 

29 

Days  in  the 

year 

— — 

354 

'Y\it  Arabians  add  1 1 days  at  the  end  of  every  year, 
, which  keep  the  fame  months  to  the  lame  feafons. 
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Nc 

The  ancient 

Grecian  year. 

Days 

1 

Idecatombason  - 

June — July 

3^ 

2 

Metagitnion  — 

— 

July— Aug. 

29 

3 

Boedfomion  — 

— 

Aug..— Sept. 

4 

Pyanepfion  — 

— 

Sept. — Od, 

29 

A 

Maimaderion  - — 

— 

Od.— Nov. 

30 

6 

Pofideon  — 

— 

Nov. — Dec. 

29 

7 

Gamelion  — 

— 

Pec.r— Jan. 

30 

8 

Anthcftcrion  — 

— 

Jan. — Feb. 

29 

9 

Elaphebolion 

— 

Feb.— Mar 

10 

Municheon 

- — 

Mar. — Apr. 

29 

1 1 

I'hargelion  — 

—r 

Apr.  — May 

30 

1 2 

Schirrophorion  - 

— 

May — June 

29 

Days  in  the  year 

i 

— — I354 

380,  hT)ay\^€\t\\tx  Natural  or  Artificial.  The 
Natural  Day  contains  24hoursj  the  Artificial,  the 
time  from  Sun-rife  to  Sun-fet.  The  Natural  Day 
is  either  Afironomical or  Civil,  The  Aflronomical 
Day  begins  at  Noon,  becaufe  the  increafe  and  de-^ 
creafeofDays  terminated  by  the  Horizon  are  very 
unequal  among  themfelves;  which  inequality  is 
likewife  augmented  by  the  ineonftancy  of  the  hori- 
zontal Refradions  § 183;  and  therefore  the  Afiro- 
nomer  takes  the  Meridian  for  the  limit  of  diurnal 
Revolutions  5 reckoning  Noon,  that  is,  theinftanc 
when  the  Sun’s  center  is  on  the  Meridian,  for  the 
beginning  of  the  Day.  Tht  Britijh,  French,  Dutch, 
G&rmcns,  Spaniards,  Pertuguefe,  and  Egyptians,  be- 
gin the  Civil  Day  at  Midnight:  the  ancient  Greeks, 
JezvSy  Bohemians,  Silefians,  with  the  modern 
and  Chineje,  begin  it  at  Sun-fetting:  and  the  an- 
cient Babylonians , Perfians,  Syrians,  with  the  mo- 
dern Greeks,  at  Sun-rifing. 

Hows,  38 1.  An  Hour  is  a certain  determinate  part  of 

the  Day,  and  is  either  equal  or  unequal.  An  equal 
Hour  is  the  ?4th  part  of  a mean  natural  Day,  as 

Ihewn 
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Ihewn  by  well-regulated  Clocks  and  watches;  but 
thele  hours  are  nop  qtvte  equal  as  meafured  by 
the  returns  of  the  Sun  to  the  Meridian,  becaufe 
of  the  obliquity  of  the  Ecliptic  and  Sun’s  une- 
qual motion  in  it,  § 224—245-  Unequal  Hours 
are  thofe  by  which  the  Artificial  Day  is  divided 
into  twelve  Parts,  and  the  Night  into  as  many. 

^82.  An  Hour  is  divided  into  60  equal  parts 
called  Minutes,  a Minute  into  60  equal  parts 
called  Seconds,  and  thele  again  into  60  equal 
parts  called  Thirds.  The  Jews^  Chaldeans,  and 
Arabians,  divide  the  Elour  into  loSo  equal  parts 
called  Scruples-,  which  number  contains  18  times 
60,  lb  that  one  minute  contains  18  Scruples. 

383.  A Cycle  is  a perpetual  round,  or  circula- 
tion of  the  lame  parts  of  time  of  any  fort.  The 
Cycle  of  the  Sun  is  a revolution  of  28  years,  in 
which  time  the  days  of  the  months  return  again 
to  the  lame  days  of  the  week ; the  Sun’s  Place  to 
the  lame  Signs  and  Degrees  of  the  Ecliptic  on 
the  fame  months  and  days,  fo  as  not  to  differ  one 
degree  in  ico  years;  and  the  Leap-years  begin 
the  fame  courfe  over  again  with  refped  to  the 
days  of  the  week  on  which  the  days  of  the  months 
fall.  The  Cycle  of  the  Moon,  commonly  called  the 
Golden  Number,  is  a revolution  of  19  years  j in 
which  time,  the  Conjundtions,  Oppofitions,  and 
other  Afpedls  of  the  Moon,  are  within  an  hour 
and  half  of  being  the  fame  as  they  were  on  the  fame 
days  of  the  months  19  years  before.  The  Indie- 
tion  is  a revolution  of  15  years,  ufed  only  by  the 
Romans  for  indicating  the  times  of  certain  pay- 
ments made  by  the  fubj efts  to  the  Republic:  it 
was  eftablilhed  by  Conjiantine,  A.  D.  312. 

384.  The  year  of  our  Saviour’s  Birth,  accord- 
ing to  the  vulgar  ^ra,  was  the  9th  year  of  the 
Solar  Cycle;  the  firlt  year  of  the  Lunar  Cycle; 
and  the  3 1 2th  year  after  his  birth  was  the  firft:  year 
of  the  Roman  Indiftion.  Therefore,  to  find  the 
year  of  the  Solar  Cycle,  add  9 to  any  given  year 

of 
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The  defici- 
ency of  the 
Lunar  Cy- 
cle,and  con- 
feque  ue 
thereof. 
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H'lw  to  find 
the  day  of 
the  New 
Alnon  by 
the  Golden 
Number. 


of  Christ,  and  divide  the  fum  by  28,  the  Quotient 
is  the  number  of  Cycles  clapfed  fince  his  birth 
and  the  remainder  is  the  Cycle  for  the  given  year; 
if  nothing  remain,  the  Cycle  is  28.  To  find  the 
Lunar  Cycle,  add  i to  the  given  year  of  Christ, 
and  divide  the  fum  by  19;  the  Quotient  is  the 
number  of  Cycles  elapfed  in  the  interval,  and  the 
remainder  is  the  Cycle  for  the  given  year:  if  no- 
thing remain,  the  Cycle  is  19.  Lafily,  fubtrad 
312  from  the  given  year  of  Christ,  and  divide 
the  remainder  by  15;  and  what  remains  after  this 
divifion  is  the  Indidion  for  the  given  year:  if 
nothing  remain,  the  indidion  is  15. 

385.  Although  the  above  deficiency  in  the  Lu- 
nar Cycle  of  an  hour  and  half  every  19  years  be 
but  fmall,  yet  in  time  it  becomes  fo  fenfible  as  to 
make  a whole  natural  Day  in  310  years.  So  that, 
although  this  Cycle  be  pf  ufe,  when  the  Golden 
Numbers  are  rightly  placed  againft  the  days  of 
the  months  in  the  Calendar,  as  in  our  Common 
Prayer  Books^  for  finding  the  days  of  the  mean 
Conjundions  or  Oppoficions  of  the  Sun  and 
Moon,  and  confequently  the  time  of  Rafter \ it 
will  only  ferve  for  310  years.  Old  Stile.  For  as 
the  New  and  Full  Moons  anticipate  a day  in  that 
time,  the  Golden  Numbers  ought  to  be  placed 
one  day  earlier  in  the  Calendar  for  the  next  310 
years  to  come.  Thefe  Numbers  were  rightly 
placed  againlt  the  days  of  New  Moon  in  the  Ca- 
lendar, by  the  Council  of  Nice,  A.  D.  325  ; but 
the  anticipation  which  has  been  negleded  ever 
fince,  is  now  grown  almoft  into  5 daysj  and 
therefore  all  the  Goltfen  Numbers  ought  now  to 
be  placed  5 days  higher  in  the  Calendar  for  the 
Old  Stile  than  they  were  at  the  time  of  the  faid 
Council;  or  fix  days  lower  for  the  New  Stile,  be- 
caufe  at  prefent  it  ditfers  ii  days  from  the  Old. 

386.  In  the  annexed  Tabic,  the  Golden  Num- 
bers under  the  months  (land  againft  the  days  of 
New  Moon  in  the  left-hand  column,  for  the  New 
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Stile  i adapted  chiefly  to  the  fecond  yeaf  after 
Leap-year^,  as  being  the  neared  nnean  for  all  the 
four  j and  will  ferve  lill  the  year  1900.  There- 
fore, to  find  the  day  of  New  Moon  in  any  month 
of  a given  year  till  that  time,  look  for  the  Golden 
Number  of  that  year  under  the  defired  month,  and 
againft  it,  you  have  the  day  of  New  Moon  in  the 
left-hand  columna  Thus,  fuppofe  it  were  re-' 
quired  to  find  the  day  of  New  Moon  in  September^ 
1757;  the  Golden  Number  for  that  year  is  10, 
which  I look  for  \iu6tr  September,  and  right  againft 
it  in  the  left-^hand  column  I find  13,  which  is  the 
day  of  New  Moon  in  that  month.  N.  B.  If  all  the 
Golden  Numbers,  except  17  and  6,  were  fet  one 
day  lower  in  the  Table,  it  would  ferve  from  the 
beginning  of  the  year  19CO  till  the  end  of  the  year 
2.199.  Table  after  this  Chapter  flaews 

the  Golden  Number  for  4000  years  after  the  birth 
of  Christ  ; by  looking  for  the  even  hundredi  of 
any  given  year  at  the  left  hand,  and  for  the  reft 
to  make  up  that  year  at  the  head  of  the  Table  ; 
and  where  the  columns  meet,  you  have  the  Golden 
Number  (which  is  the  fame  both  in  Old  and  AV'k; 
Stile)  ior  the  given  year.  Thus,  fuppofe  the 
Golden  Number  was  wanted  for  the  year  i"] SI » 
I look  for  1700  at  the  left  hand  of  the  Table,  and 
for  57  at  the  top  of  itj  then  guiding  my  eye 
downward  from  57  to  over  againft  1700,  'I  find 
10,  which  is  the  Golden  Number  for  that  year. 

387.  But  becaufe  the  Lunar  Cycle  of  19  years 
fometimes  includes  five  Leap-years,  and  at  other 
times  only  four,  this  Table  will  fometimes  vary  a 
day  from  the  truth  in  Leap-years  after  February. 
And  it  is  impolTible  to  have  one  more  correct,  un- 
lefs  we  extend  it  to  four  times  19  or  76  years;  in 
which  there  are  19  Leap-years  without  a remain- 
der. But  even  then  to  have  it  of  perpetual  ufe,  it 
muft  be  adapted  to  the  Old  Stile-,  becaufe  in  every 
centurial  year  not  divifible  by  4,  the  regular  courfe 
of  Leap-^ears  is  interrupted  in  the  Ne'ixi  as  will 


be 
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be  the  cafe  in  the  year  l800.  Therefore,  upon 
the  regular  Old  Stile  plan,  I have  computed  the 
following  Table  of  the  mean  times  of  all  the  New 
Moons  to  the  neareft  hour  for  76  years;  begin- 
ning with  the  year  of  Christ  1724,  and  ending 
with  the  year  1800. 

This  Table  may  be  made  perpetual,  by  deduc- 
ing 6 hours  from  the  time  of  New  Moon  in  any 
given  year  and  month  from  iy'^4  1800,  in  or- 

der to  have  the  mean  time  of  New  Moon  in  any 
year  and  month  76  years  afterward;  or  deduCing 
12  hours  for  152  years,  18  hours  for  228  years, 
and  24  hours  for  304  years:  becaufe  in  that  time 
the  changes  of  the  f loon  anticipate  alm^ofl:  a com- 
plete natural  day.  And  if  the  like  number  of 
hours  be  added  for  fo  many  years  paft,  we  fhall 
have  the  mean  time  of  any  New  Moon  already 
elapfed.  Suppofe,  for  example,  the  mean  time  of 
Change  was  required  for  January  1802;  deduC 
76  years,  and  there  remains  1726,  againft  which, 
in  the  following  Table,  oudtr  January y I find  the 
time  of  New  Moon  was  on  the  2 1 ft  day,  at  1 1 in 
the  evening:  from  which  take  6 hours,  and  there 
remains  the  21ft  day,  at  5 in  the  evening,  for  the 
mean  time  of  Change  in  January  1802.  Or,  if  the 
time  be  required  for  May^  A.  D.  1701,  add  76 
years,  and  it  makes  1777,  which  I look  for  in  the 
Table,  and  againft  it,  under  May^  I find  the  New 
Moon  in  that  year  falls  on  the  25th  day,  at  9 in 
the  evening;  to  which  add  6 hours  and  it  gives 
the  26th  day,  at  3 in  the  morning,  for  the  time  of 
New  Neon  in  May^  A.  D.  1701.  By  this  addi- 
tion for  time,  paft,  or  fubtraCion  for  time  to  come, 
the  Table  will  not  vary  24  hours  from  the  truth 
in  lefs  than  14592  years.  And  if,  inftead  of  6 
hours  for  every  76  years,  we  add  or  fubtraC  only 
5 hours  52  minutes,  it  will  not  vary  a day  in  10 
millions  of  years. 
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Although  this  Table  is  calculated  for  76  years 
only,  and  according  to  the  Old  Stile^  yet  by  means 
of  two  eafy  Equations  it  may  be  made  to  anfwer 
as  exaftly  to  the  New  Stile^  for  any  time  to  come. 
Thus,  becaufe  the  year  1724  in  this  Table  is  the 
firfl:  year  of  the  Cycle  for  which  it  is  made;  if 
from  any  year  of  Christ  after  1800  you  fubtrafl 
1723,  and  divide  the  overplus  by  76,  the  quotient 
will  fhew  how  many  entire  Cycles  of  76  years  are 
tlapfed  fince  the  beginning  of  the  Cycles  here  pro- 
vided for;  and  the  remainder  will  lliew  the  year  ' 
of  the  current  Cycle  anfwering  to  the  given  year 
of  Christ.  Hence  if  the  remainder  be  o,  you 
mull  inftead  thereof  put  76,  and  leffen  the  quo- 
tient by  unity. 

Then,  look  in  the  left-hand  column  of  theTable 
for  the  number  in  your  remainder,  and  againft  it 
you  will  find  the  times  of  all  the  mean  New  Moons 
in  that  year  of  the  prefent  Cycle.  And  whereas 
in  76  Julian  yt?LVS,  the  Moon  anticipates  5 hours 
52  minutes,  if  therefore  thefe  5 hours  52  minutes 
be  multiplied  by  the  above  found  Quotient,  that  is, 
by  the  number  of  entire  Cycles  paft;  the  produdt 
fubtradled  from  the  times  in  the  Table  will  leave 
the  corrected  times  of  the  New  Moons  to  the  Old 
Stile-,  which  may  be  reduced  to  the  New  Stile  thus:  ^ 

Divide  the  number  of  entire  hundreds  in  the 
given  year  of  Christ  by  4,  multiply  this  quotient  ■ 
by  3,  to  the  product  add  the  remainder,  and  from 
their  Turn  fubtraft  2 : this  lall;  remainder  denotes 
the  number  of  days  to  be  added  to  the  times  above 
correded,  in  order  to  reduce  them  to  the  New  Stile,  a 
The  realon  of'this  is,  that  every  400  years  of  the  ■ 
New  Stile  gains  3 days  upon  the  Old  Stile : one  of 
which  it  gains  in  each  of  the  centurial  years  fuc-  ■ 
ceeding’that  which  is  exadly  divifible  by  4 without  " 
a remainder;  but  then,  when  you  have  found  the 
days  fo  gained,  2 muft  be  fubtracled  from  their 
number  on  account  of  the  reftifications  made  in 
the  Calendar  by  the  Council  of  ISiice,  and  fince  by  | 
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Pope  Gregory.  It  muft  alfo  be  obferved,  that  the 
additional  days  found  as  above  direded,  do  not 
take  place  in  the  centurial  Years  which  are  not 
multiples  of  4 till  February  29th,  Old  Stile,  for  on 
that  oay  begins  the  difference  between  the  Stiles-, 
till  which  day,  therefore,  thofe  that  were  added  in 
the  preceding  years  muft  be  ufed.  The  following 
Example  will  make  this  accommodation  plain. 

Required  the  mean  time  of  New  Moon  in  June,  A.  D. 

1909,  N.  S. 


37 1 


186 


34 


gh  Qin  Afternoon 


II  44 


From  1909  take  1723 
years,  and  there  remains 
Which,  divided  by  76, 
gives  the  quotient  2 
and  the  remainder  — 

Then,  againft  34  in  the 
Table  is  June  - — - 

And  5**  52"  multiplied  by 
2 make  to  be  fubtr. 

Remains  the  mean  time 
according  to  the  Old 
Stile,  June  — — 

Entire  hundreds  in  1909 
are  19,  which  divide  by 
4,  quotes  ' — — 

And  leaves  a remainder  of 
Which  quotient  multipli- 
ed by  3 makes  12,  and 
the  remainder  added 
makes  — — 15 

From  which  fubtradt  2, 
and  there  remains  13 

Which  number  of  days 
added  to  the  above  time. 

Old  Stile,  gives  June  18^  8**  1 6™ Morn.  W 6'* 


8“  16“' 


4 

3 


Bb^> 


So 


37^  Divifion  of 'Time, 

So  the  mean  time  of  N ew  Moon  in  yunCy  1 909, 
New  Stile  \s,  the  i8th  day,  at  16  minutes  paft  8 in 
the  Morning. 

If  II  days  be  added  to  the  time  of  any  New 
Moon  in  this  Table,  it  will  give  the  time  of  that 
New  Moon  according  to  the  New  Stile  till  the 
year  1800.  And  if  14  days  18  hours  22  minutes 
be  added  to  the  mean  time  of  New  Moon  in  ei- 
ther Stilcy  it  will  give  the  mean  time  of  the  next 
Full  Moon  according  to  that  Stile, 
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^ .‘r  A B L E Jhenuing  the  times  of  all  the  mean  Changes  of  the 
Moon,  to  the  nearejl  Hour,  through  four  Lunar  Periods, 
or  76  years.  M fignifies  morning,  A afternoon. 


1724 

.725 


172621 


1727 
5 

1729 

1730 


7 

8 

9 

10 

1 1 

12 

13 

14 

'5 

16 

^7 

18 

*9 

20 

21 

22 

23 

24 

25 

j2  6 


1731 

1732 

1733 


January 


D.  H. 


14 

3 


II 

30 

18 

7 

26 

16 


‘73423 
12 
2 


‘735 

1736 

1737 

1738 

‘739 

1740 

1741 

‘742 

‘743 
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3‘ 

20 

9 

28 

'7 

6 

24 

‘4 
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‘747 

1748 
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29 
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March 
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12 
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‘3 

6A 
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4A 

iiM 

21 

1 2 A 

20 
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7A 

29 

7M 

27 

8 A 

3M 

18 

4 A 

‘7 

4M 

0 A 

8 

iM 

6 

I A 

loM 

0.6 

10  A 

15 

iiM 
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‘5 

7M 

23 

8 A 

3M 

4 

4A 

3 

4M 

iM 

23 

I A 

22 

2M 

9M 

12 
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1 1 

iiM 

I 

30 

7M 
8 A 

29 

9M 

4A 

20 

4M 

18 

5 A 

12  A 

9 

I A 

8 

iM 

10  A 

28 

iM 

26 
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7M 

16 

8 A 

‘5 

9M 

4A 

6 

4M 
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5A 

I A 

25 

2M 

23 

3 A 

10  A 

14 

iiM 

12 

12  A 

7M 

2 

8 A 

I 

9M 

30 
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5M 

21 

5 A 

20 

6M 

1 A 

II 

2M 

9 

3A 

iiM 

29 

1 1 A 

28 

0 A 

7 A 

18 

8M 

16 
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4M 

7 

5^ 

. 6 

6M 
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May 

June 

7«/jy 

Augufl 

D. 

H. 

D. 
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D. 

H. 

D. 

H. 
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1 1 

8 A 

10 

8M 

9 

9 A 

8 

loM 

2 
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6 

iM 

5 

1728 

27 

8M 

25 

9 A 

25 

loM 

23 

II  A 

6 

‘729 

i6 

, 5 A 

‘5 

6M 

‘4 

7A 

1 2 

7M 

7 

1730 

6 

2M 

4 

3 A 

4 

3M 

2 

4A 

8 

•73» 

24 

II  A 

23 

0 A 

23 

iM 

21 

2 A 

9 

1732 

‘3 

8M 

1 1 

9 A 

1 1 

loM 

9 

II  A 

lO 

1733 

2 

5A 

I 

30 

6M 
7 A 

30 

SM 

28 

8 A 

1 1 

1734 

2 1 

2 A 

20 

3M 

‘9 

4A 

18 

5M 

12 

1735 

10 

II  A 

9 

0 A 

9 

iM 

7 

2 A 

13 

1736 

28 

9 A 

27 

loM 

26 

1 1 A 

25 

0 A 

14 

‘737 

18 

5M 

16 

6A 

16 

7M 

‘4 

8 A 

'5 

1738 

7 

2 A 

6 

3 A 

5 

4A 

4 

5M 

16 

‘739 

26 

0 A 

25 

iM 

24 

2 A 

23 

3M 

17 

1740 

‘4 

9 A 

‘3 

loM 

1 2 

II  A 

1 1 

oA 

18 

1741 

4 

5M 

2 

6 A 

2 

3‘ 

7M 
7 A 

30 

8M 

'9 

1742 

23 

3M 

21 

4 A 

21 

5M 

•9 

6 A 

20 

‘743 

12 

0 A 

1 1 

iM 

10 

2 A 

9 

3M 

21 

‘744 

P 

loM 

28 

1 1 A 

28 

0 A 

26 

12  A 

22 

‘745 

‘9 

6 A 

18 

7M 

17 

8 A 

16 

8M 

23 

1746 

9 

3M 

7 

4A 

7 

5M 

5 

6A 

24 

‘747 

27 

12  A 

26 

I A 

26 

2M 

24 

3 A 

25 

1743 

16 

9M 

'4 

10  A 

‘4 

iiM 

1 2 

1 2 A 

26 

1749 

5 

6 A 

4 

7M 

3 

8 A 

2 

9M 

9 A 

Yrs.  of  the  Cyc. 


Of  the  Divijion  of  ‘Time. 


A Table  of  the  mean  New  Moons,  &c. 


A.D. 


September 


D. 


3 

4 

5 
b 

7 

8 
9 

10 

1 1 
12 

13 


1724 

‘725 

1726 

1727 

( 728 

1729 

1730 

«73‘ 

•732 

1733 

1734 
f735 
1736 


October 


H 1737 


1738 

1739 

1740 

1741 
(742 

1743 

1744 

1745 

1746 

1747 

25  1748 


15 

16 

^7 

i8 

^9 

20 

21 

22 

23 

24 


6 

25 

15 

4 

22 

[ i 

2 

30 

20 
8 

27 

16 
6 

3 

*3 

2 

21 
9 

28 

18 

7 

25 

4 
2 

II 


November 


December 


26 


1749 


H. 

D. 

H. 

D. 

H. 

D. 

H. 

10  A 

6 

iiM 

4 

12  A 

4 

I A 

8 A 

25 

9M 

23 

10  A 

^3 

iiM 

5M 

14 

5 A 

13 

6M 

12 

7 A 

4M 

5A 

I A 

4 

2M 

2 

3 A 

2 

3» 

iiM 

21 

12  A 

20 

I A 

20 

2M 

8 A 

1 1 

9M 

9 

10  A 

9 

iiM 

5M 
6 A 

30 

7M 

28 

8 A 

28 

9M 

2M 

*9 

? A 

18 

4M 

*7 

5A 

iixM 

7 

12  A 

6 

I A 

6 

2M 

M 

26 

10  A 

25 

iiM 

24 

II  A 

5 A 

16 

6M 

14 

7A 

14 

8M 

2M 

5 

3 A 

4 

4M 

3 

5 A 

12  A 

23 

I A 

22 

2M 

21 

3 A 

8M 

12 

9 A 

1 1 

loM 

10 

II  A 

5 A 

2 

31 

bM 

7 A 

30 

8M 

29 

8 A 

3 A 

21 

4M 

19 

5 A 

19 

6M 

1 2 A 

9 

I A 

8 

2M 

7 

3 A 

9 A 

28 

loM 

26 

1 1 A 

26 

iiM 

6M 

^7 

7 A 16 

8M 

15 

9 A 

3 A 

7 

4M 

5 

5 A 

5 

bM 

I A 

25 

2M 

23 

3 A 

23 

3M 

9 A 

14 

loM 

12 

II  A 

1 2 

0 A 

6M 

3 

7 A 

2 

8M 

1 

31 

9 A 
loM 

3M 

22 

4A 

2 1 

5M 

20 

6 A 

0 A 

1 1 

iM 

9 

2 A 

9 

3M 

loM 

29 

II  A 

.28 

0 A 

^7 

12  A 

B b 4 
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CA 

'J 

fABLE  of  the  mean  New  Moons  continued. 

o 

3“ 

n 

A.D, 

January 

February 

March 

April 

n 

n 

D. 

H. 

D. 

H. 

D. 

H 

D. 

H. 

27 

175° 

26 

I A 

25 

2M 

26 

3 A 

25 

4M 

28 

1751 

15 

10  A 

14 

I iM 

‘5 

1 1 A 

H 

0 A 

29 

1752 

5 

6M 

3 

7 A 

4 

8M 

2 

9 A 

30 

1753 

23 

4M 

21 

5 A 

23 

6M 

2 1 

7 A 

31 

1754 

1 2 

1 A 

1 1 

2M 

12 

3 A 

i ( 

4M 

32 

I 

10  A 

I 

11  A 

29 

^75v 

31 

I iM 

31 

0 A 

12  A 

33 

1756 

20 

7 A 

‘9 

8M 

19 

9 A 

18 

9M 

34 

1757 

9 

4M 

7 

3 A 

9 

6M 

7 

;A 

35 

1758 

28 

2M 

z5 

3 A 

28 

3M 

26 

4A 

36 

1759,^7 

loM 

‘5 

11  A 

‘7 

0 A 

i6 

iM 

37 

1760 

6 

7 A 

5 

8M 

5 

9 A 

4 

loM 

38 

1761 

24 

5A 

23 

6M 

24 

7 A 

23 

8M 

39 

1762 

‘4 

2M 

12 

3 A 

14 

3M 

12 

4A 

40 

1763 

3 

iiM 

1 

12  A 

3 

0 A 

2 

iM 

41 

1764 

22 

8M 

20 

9 A 

21 

loM 

‘9 

1 1 A 

42 

1765, 

10 

5 A 

9 

6M 

10 

6A 

9 

7M 

43 

r 766J29 

2 A 

28 

3 A 

29 

4 A 

28 

5M 

44 

1767I18 

I !■  A 

‘7 

12  A 

19. 

iM 

‘7 

2 A 

45 

1 768 

8 

8M 

6 

9 A 

7 

loM 

5 

11  A 

46 

1769 

26 

6M 

24 

7 A 

26 

7M 

24 

8 A 

47 

1770 

‘5 

2 A 

‘4 

3M 

15 

4A 

H 

51M 

48 

1771 

4 

I iM 

3 

0 A 

5 

iM 

3 

2 A 

49 

1772 

23 

9 A 

22 

loM 

22 

10  A 

21 

iiM 

50 

1773 

[2 

5M 

10 

6 A 

1 2 

7M 

10 

8 A 

51 

‘774 

I 

31 

2 A 
3M 

I 

3‘ 

4 A 
5M 

29 

5A 

52 

1775 

20 

0 A 

‘9 

iM 

20 

2 A 

19 

3M 

53 

1776 

9 

9 A 

8 

loM 

8 

10  A 

7 

iiM 
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Table  of  the  mean  New  Moons  continued. 

• 

o 

rr 

rt 

A.D. 

May 

June 

July 

Auguft 

n 

n 

D. 

H. 

D. 

H. 

D. 

H. 

D. 

H. 

27 

1750 

24 

4 A 

23 

5M 

22 

6 A 

21 

7M 

28 

1751 

13 

12  A 

12 

I A 

12 

2M 

10 

3 A 

29 

1752 

2 

3‘ 

9M 
lo  A 

30 

iiM 

29 

12  A 

28 

0 A 

30 

1753 

21 

7M 

‘9 

8 A 

19 

9M 

‘7 

10  A 

31 

1754 

10 

4A 

9 

5M 

8 

6 A 

7 

7M 

32 

1755 

29 

I A 

28 

2M 

27 

3 A 

25 

3M 

33 

1756 

17 

10  A 

16 

iiM 

15 

12  A 

14 

I A 

34 

»757 

7 

7M 

5 

8 A 

5 

9M 

3 

10  A 

35 

1758 

26 

4M 

24 

5A 

24 

6M 

22 

7 A 

36 

‘759 

15 

I A 

14 

2M 

13 

3 A 

12 

2M 

37 

1760 

3 

10  A 

2 

iiM 

I 

31 

12  A 
I A 

30 

iM 

38 

1761 

22 

9 A 

21 

loM 

20 

10  A 

‘9 

iiM 

39 

1762 

12 

4M 

10 

5 A 

10 

6M 

8 

7 A 

40 

1763 

1 

3‘ 

1 A 
2M 

29 

3 A 

29 

4M 

27 

4A 

41 

1764 

‘9 

iiM 

‘7 

12  A 

‘7 

I A 

16 

2M 

42 

1765 

8 

7 A 

7 

8M 

6 

9 A 

5 

loM 

43 

1766 

27 

5 A 

26 

6M 

25 

?A 

24 

8M 

44 

1767 

‘7 

2M 

15 

3 A 

15 

4lV 

‘3 

5 A 

45 

1768 

5 

iiM 

3 

1 2 A 

3 

I A 

2 

31 

2M. 
2 A 

46 

1769 

24 

8M 

22 

9 A 

22 

loM 

20 

II  A 

47,1770 

‘3 

5A 

1 2 

4M 

1 1 

7 A 

10 

8M 

48 

1771 

3 

2M 

I 

3 A 

I 

30 

4M 

5A 

29 

5M 

491772 

20 

II  A 

19 

0 A 

19 

iM 

17 

2 A 

5c 

4773 

10 

8lM 

8 

9 A 

8 

9M 

6 

10  A 

51  1774 

29 

6M 

27 

7 A 

27 

8M 

25 

8 A 

521775 

18 

3 A 

‘7 

4IVI 

16 

5 A 

‘5 

6M 

53;I776 

6 

12  A 

5 

0 A 

5 

iM 

3 

2 A 

37S 
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Yrs.  of  the  Cyc.  ) 

yf  Table  of  the  mean  New  Moons  continued. 

A.D. 

September 

October 

November 

December 

D. 

H 

D. 

H. 

D. 

H. 

D. 

H. 

27 

175c 

'9 

7 ^ 

‘9 

8M 

‘7 

9 A 

‘7 

loM 

28 

1751 

9 

3M 

8 

4A 

7 

5M 

6 

6 A 

29 

1752 

27 

iM 

26 

2 A 

25 

3M 

24 

3 A 

30 

'753 

16 

loM 

'5 

II  A 

14 

0 A 

'4 

iM 

3^ 

1*^54 

5 

7A 

5 

8M 

3 

9 A 

3 

icM 

32 

‘755 

24 

4A 

24 

5M 

22 

6 A 

22 

6M 

33 

1756 

'3 

iM 

12 

2 A 

1 1 

3M 

10 

4A 

34 

'757 

2 

loM 

I 

3' 

1 1 A 
0 A 

30 

iM 

29 

I A 

35 

1758 

21 

7M 

20 

8 A 

‘9 

9M 

18 

10  A 

36 

‘759 

10 

4A 

10 

5M 

8 

6 A 

8 

7M 

37 

1760 

28 

2 A 

28 

3M 

26 

4A 

26 

4M 

38 

1761 

‘7 

1 1 A 

17 

0 A 

16 

iM 

'5 

2 A 

39 

1762 

6 

7M 

6 

8 A 

5 

9M 

4 

10  A 

40 

'763 

26 

5M 

■25 

6 A 

24 

7M 

23 

7 A 

41 

1764 

'4 

2 A 

14 

3M 

1 2 

4A 

12 

5M 

42 

1765 

3 

10  A 

3 

iiM 

I 

12  A 

I 

3' 

I A 
iM 

43 

1766 

22 

8 A 

22 

9M 

20 

10  A 

20 

iiM 

44 

1767 

12 

6M 

1 1 

6 A 

10 

7M 

9 

8M 

45 

1768 

30 

3M 

29 

4A 

28 

5M 

27 

5A 

46 

1769 

'9 

iM 

18 

1 2 A 

17 

I A 

'7 

2M 

47 

1770 

8 

8 A 

8 

9M 

6 

10  A 

6 

iiM 

48 

1771 

27 

6 A 

27 

7M 

25 

8 A 

25 

9M 

49 

1772 

16 

2M 

'5 

3 A 

14 

4M 

‘3 

5A 

50 

'773 

5 

iiM 

4 

12  A 

3 

I A 

3 

2M 

51 

'774 

24 

9M 

23 

10  A 

22 

iiM 

21 

1 1 A 

52 

'775 

'3 

6 A 

'3 

7M 

1 1 

8 A 

1 1 

9M 

53 

.776 

32 

2M 

I 

I 

3 A 
4M 

29 

5 A 

29 

5M 
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Yrs.  of  the  Cyc.  1 

Table  of  the  mean  New  Moons  concluded. 

A.D. 

January 

February 

March 

April 

D. 

H. 

D. 

H. 

D. 

H. 

D. 

H. 

541777 

27 

6A 

26 

7M 

27 

8 A 

26 

9M 

55 

1778 

17 

3M 

15 

4A 

17 

5M 

15 

6 A 

56 

1779 

6 

0 A 

5 

iM 

6 

2 A 

5 

3M 

57 

1780 

25 

loM 

23 

II  A 

24 

iiM 

22 

12  A 

5'‘ 

1781 

13 

6 A 

12 

7M 

13 

8 A 

12 

9M 

59 

I 82 

3 

3M 

I 

4A 

3 

5M 

I 

6 A 

60 

783 

22 

iM 

20 

2 A 

22 

2M 

20 

3 A 

61 

1784 

1 1 

9M 

9 

10  A 

10 

iiM 

8 

12  A 

62 

1785 

29 

7M 

27 

8 A 

29 

9M 

10  A 

63 

178^' 

.8 

4 A 

17 

5M 

18 

5A 

n 

6M 

64 

00 

7 

12  A 

6 

I A 

8 

2M 

6 

3 A 

65 

1788 

26 

10  A 

25 

iiM 

25 

12  A 

24 

I A 

66 

1789 

15 

7M 

»3 

8 A 

15 

9M 

13 

10  A 

67 

179G 

4 

4A 

3 

5M 

4 

5 A 

3 

6M 

68 

1791 

23 

I A 

22 

2M 

23 

3 A 

22 

4M 

69 

1792 

12 

10  A 

1 1 

iiM 

1 1 

1 2 A 

10 

I A 

70 

1793 

I 

30 

7M 
8 A 

1 

30 

9M 
10  A 

29 

loM 

71 

1794 

20 

5M 

i8 

6 A 

20 

6M 

18 

7 A 

72 

1795 

9 

I A 

8 ■ 

2M 

9 

3 A 

8 

4M 

7j 

i79f 

28 

iiM 

26 

12  A 

27 

0 A 

26 

iM 

7^ 

-1797 

16 

7 A 

»5 

8M 

16 

9 A 

*5 

loM 

7f 

GO 

6 

4M 

4 

5A 

6 

6M 

4 

7 A 

7^ 

1795 

25 

2M 

23 

3 A 

25 

4M 

2? 

5 A 

I 80c 

> I4- 

iiM 

12 

12  A 

13 

0 A 

12 

iM 

The  year  1800  begins  a new  Cycle. 
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to 

y/  Table  of  the  mean  New  Moons  concluded. 

o 

r* 

A.D. 

June 

fuly 

Augufi 

n 

n 

D. 

H. 

D. 

H. 

D. 

H. 

D. 

H. 

54*777 

25 

9 A 

24 

loM 

23 

1 1 A 

22 

0 A 

55 

,*778 

*5 

6M 

‘3 

7A 

‘3 

8M 

1 1 

9 A 

56 

*779 

4 

3 A 

3 

4M 

2 

5A 

I 

30 

6M 
6 A 

57 

1780 

22 

0 A 

21 

iM 

20 

2 A 

*9 

3 A 

58 

1781 

1 1 

9 A 

10 

loM 

9 

II  A 

8 

oM 

59 

1782 

I 

3'^ 

6M 
7 A 

29 

8M 

28 

9 A 

27 

9M 

60 

*783 

20 

3M 

18 

4A 

18 

5M 

16 

6A 

61 

1784 

8 

0 A 

7 

iM 

6 

2 A 

5 

3M 

62 

1785 

27 

loM 

25 

1 1 A 

25 

0 A 

24 

iM 

63 

1786 

16 

6 A 

‘5 

7M 

‘4 

8 A 

‘3 

9M 

64 

00 

6 

3M 

4 

4 A 

4 

•5M 

2 

6 A 

65 

1788 

24 

iM 

22 

2 A 

22 

3M 

20 

4A 

66 

1789 

‘3 

loM 

1 1 

II  A 

1 1 

G A 

10 

iM 

67 

1790 

2 

6 A 

I 

30 

7M 
8 A 

30 

9M 

28 

9 A 

68 

1791 

2 1 

4 A 

20 

5M 

‘9 

6 A 

18 

7M 

69 

1792 

JO 

iM 

8 

2 A 

8 

3M 

6 

4A 

70 

1793 

28 

II  A 

27 

0 A 

27 

iM 

25 

I A 

7* 

•794 

18 

7M 

16 

8 A 

16 

9M 

*4 

10  A 

72 

*795 

7 

4 A 

6 

5M 

5 

6A 

4 

7M 

73 

1796 

25 

I A 

24 

2M 

23 

3 A 

22 

4M 

74 

1797 

‘4 

10  A 

13 

iilM 

12 

12  A 

1 1 

I A 

75 

1798 

4 

7M 

2 

8 A 

2 

3* 

9M 
10  A 

30 

loM 

76 

‘799 

23 

'5M 

2 1 

6 A 

2 [ 

6M 

‘9 

8 A 

1 

1800 

1 1 

I A 

10 

2M 

9 

3 aI 

8 

4M 

Of  the  Divijion  of  Timt, 


Yre.  of  the  Cyc. 

yf  Table  of  the  mean  New  Moons  concluded. 

A.D. 

September 

OEloher 

November 

December 

D. 

H. 

D. 

H. 

D. 

H. 

D. 

H. 

54 

1777 

20 

12  A 

20 

I A 

19 

2M 

18 

3 A 

55 

1778 

10 

9M 

9 

10  A 

8 

iiM 

7 

12  A 

56 

1779 

29 

7M 

28 

8 A 

27 

9M 

26 

9 A 

57 

1780 

17 

3 A 

17 

4M 

^5 

5 A 

^5 

6M 

5^ 

1781 

6 

12  A 

6 

I A 

5 

2M 

4 

3 A 

59 

CO 

25 

10  A 

25 

I iM 

23 

12  A 

23- 

0 A 

60 

1783 

15 

6M 

14 

7A 

13 

8M 

12 

9 A 

61 

1784 

3 

3 A 

0 

4M 

I 

5A 

1 

30 

6M 
6 A 

62 

1785 

22 

I A 

22 

2M 

20 

3 A 

20 

3M 

1786 

II 

9 A 

1 1 

loM 

9 

11  A 

9 

0 A 

64 

CO 

I 

30 

6M 
7 A 

30 

8M 

28 

9 A 

28 

9M 

65 

1788 

19 

4M 

18 

5A 

17 

6M 

i6 

7 A 

66 

1789 

8 

I A 

8 

2M 

t) 

3 A 

6 

4M 

67 

1790 

29 

loM 

26 

11  A 

25 

0 A 

24 

12  A 

68 

1791 

6 

7A 

16 

8M 

14 

9 A 

14 

loM 

69 

1792 

5 

4A 

4 

5 A 

3 

6M 

2 

7 A 

70 

1793 
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388.  The  Cycle  of  Eajier^  alfo  called  the  Dionyftan 
Period,  is  a revolution  of  532  years,  found  by  mul- 
tiplying the  Solar  Cycle  1%  by  the  Lunar  Cycle 
19.  If  the  New  Moons  did  not  anticipate  upon 
this  Cycle,  Eajier-day  would  always  be  the  Sunday 
next  after  the  firft  Full  Moon  which  follows  the 
2 1 ft  of  March.  But  on  account  of  the  above  an- 
ticipation, § 422.  to  which  no  proper  regard  was 
had  before  the  late  alteration  of  the  Stile,  the  Ec^ 
clefiaftic  Eajier  has  feveral  times  been  a week  dif- 
ferent from  the  true  Eajier  within  this  laft  Cen- 
tury : which  inconvenience  is  now  remedied  by  ma- 
king the  Table  which  ufed  to  find  Eajier  for  ever, 
in  the  Common  Prayer  Book,  of  no  longer  ufe  than 
the  Lunar  difference  from  the  New  Stile  will  ad- 
mit of. 

389.  The  earlieji  Eajier  pojfible  is  the  22d  of 

March,  the  lateji  the  25th  of  Jpril.  Within  thefe  • 
limits  are  35  days,  and  the  number  belonging  to 
each  of  them  is  called  the  Number  of  Direbiion-, 
becaufe  thereby  the  time  of  Eafter  is  found  for  any 
given  year.  To  find  the  Number  of  Diredion, 
according  to  the  New  Stile,  enter  Table  V.  follow- 
ing this  Chapter,  with  the  compleat  hundreds  of 
any  given  year  at  the  top,  and  the  years  thereof 
(if  any)  below  a hundred  at  the  left  hand  and 
where  the  columns  meet  is  the  Dominical  Letter 
for  the  given  year.  1 hen  enter  1 able  1.  with 
the  compleat  hundreds  of  the  fame  year  at  the  left 
hand,  and  the  years  below  a hundred  at  the  top; 
and  where  the  columns  meet  is  the  Golden  Num- 
ber for  the  fame  year.  Laftly,  enter  Table  II.  with 
the  Dominical  Letter  at  the  left  hand  and  Golden 
Number  at  the  topj  and  where  the  columns  meet 
is  the  Number  of  Diredion  for  that  year;  which 
number,  added  to  the  2ift  day  of  March,  Ihews 
on  what  day,  March  ov  April,  Eajier  Sunday 

falls  in  that  year.  Thus  the  Dominical  Letter 
New  Stile  for  the  year  1757  is  (1  able  V.)  and 

the  Golden  Number  is  10,  (Table  I.)  by  which, 

' in 
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in  Table  II.  the  Number  of  Direftion  Is  found  to 
be  20;  which,  reckoning  from  the  March ^ 

ends  on  the  loth  of  April,  that  is,  Eajier  Sun- 
day, in  the  year  1757.  N.  B.  There  are  always 
two  Dominical  Letters  to  the  Leap-year,  the  firft: 
of  which  takes  place  to  the  24th  of  February,  the 
laft  for  the  following  part  of  the  year. 

390.  The  fir fi  feven  letters  of  the  Alphabet  are 
commonly  placed  in  the  annual  Almanacks,  to 
fliew  on  what  days  of  the  week  the  days  of  the 
months  fall  throughout  the  year.  And  becaufe 
one  of  thofe  feven  Letters  mull  neceffarily  Hand 
zgTmk  Sunday , it  is  printed  in  a capital  form,  and 
called  the  Dominical  Letter',  the  other  fix  being 
inferred  in  fmall  charaders,  to  denote  the  other  fix 
days  of  the  week.  Now,  fince  a common  Julian 
Year  contains  365  Days,  if  this  number  be  divided 
by  7 (the  number  of  days  in  a week)  there  will  re- 
main one  day.  If  there  had  been  no  remainder,  it 
is  plain  the  year  would  conftantly  begin  and  end  on 
the  fame  day  of  the  week.  But  fince  i remains,  it  is 
as  plain  that  the  year  mull  begin  and  end  on  the 
fame  day  of  the  week;  and  therefore  the  next  year 
will  begin  on  the  day  following.  Hence,  when 
January  begins  on  Sunday,  A is  the  Dominical  or 
Sunday  Letter  for  that  year : then,  becaufe  the  next 
year  begins  on  Monday,  the  Sunday  will  fall  on  the 
feventh  day,  to  which  is  annexed  the  feventh  Let- 
terG, which  therefore  will  be  the  Dominical  Letter 
for  all  that  year;  and  as  the  third  year  will  begin 
on  Tuefday,  the  Sunday  will  fall  on  the  fixth  day; 
therefore  F will  be  the  Sunday  Letter  for  that  year. 
Whence  it  is  evident,  that  \\\t  Sunday  Letters  will 
go  annually  in  a retrograde  order  thus,  G,F,  E,D, 
C,  B,  A.  Arid  in  the  courfe  of  feven  years,  if  they 
were  all  common  ones,  the  fame  days  of  the  week 
and  Dominical  Letters  would  return  to  the  fame 
days  or  the  months.  But  becaufe  there  are  36b 
days  in  a Leap-year,  if  this  number  be  divided  by 
7,  there  will  remain  two  days  over  and  above  the 
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52  wee'ks  of  which  the  year  confifts.  And  there- 
fore, if  the  Leap-year  begins  on  SunJay,  it  will  end 
on  Monday  ; and  the  next  year  will  oegin  on  7 uef- 
day^  the  rtrfl:  bunday  whereof  muft  fall  on  the  fixth 
of  January,  to  which  is  annexed  the  Letter  F,  and 
not  G,  as  in  common  years:  by  this  means,  the 
Leap-year  returning  every  fourth  year,  the  order 
of  the  Dominical  Letters  is  interrupted  ; and  the 
feries  cannot  return  to  its  firft  ftate  till  after  four 
times  feven,  or  28  years;  and  then  the  fame  days 
of  the  months  return  in  order  to  the  fame  days  of 
the  week  as  before. 

391.  Fo  find  the  Dominical  Letter,  for  any  year 
either  before  or  after  the  ChriJlianyEra.  I nT able  1 1 1 . 
or  IV.  for  Old  Stile,  or  V.  for  New  Stile,  look  for 
the  hundreds  of  years  at  the  head  of  the  Table, 
and  for  the  years  below  a hundred  (to  make  up 
the  given  year)  at  the  left  hand  j and  where  the 
columns  meet,  you  have  the  Dominical  Letter  for 
the  year  defired.  Thus,  fuppofe  the  Dominical 
Letter  be  required  for  the  year  of  Christ  1758 
New  Stile,  I look  for  1700  at  the  head  of  Table  V. 
and  for  58  at  the  left-hand  of  the  fame  Table  ; and 
in  the  angleof  meeting,  I find  A,  which  is  the  Do- 
minical Letter  for  ihai  year.  If  it  was  wanting 
for  the  fame  year  Old  Stile,  it  would  be  found  by 
Table  IV.  to  be  D.  But  /<?  find  the  Dominical  Letter 
for  any  given  year  before  Christ,  fubtraftone  from 
that  year,  and  then  proceed  in  all  refpefts  as  juft 
now  taught,  to  find  it  by  Table  III.  Thus  lup- 
pofe  the  Dominical  Letter  be  required  for  the 
585th  year  before  the  firft  year  of  Christ,  look 
for  5C0  at  the  head  of  Table  111.  and  for  84  at 
the  left  hand;  in  the  meeting  of  thefc  columns'is 
FF,  which  were  the  Dominical  Letters  for  that 
year,  and  fliews  that  it  was  a Leap -year;  becaufe 
Leap-year  has  always  two  Dominical  Letters. 

392.  To  find  the  day  of  the  month  anfwering  to  any 
day  of  the  week,  or  the  day  of  the  week  anjwering  to 
any  day  of  the  month,  jor  any  year  fajl  or  to  come. 

Having 
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Having  found  the  Dominical  Letter  for  the  given 
year,  enter  Table  VI.  with  the  Dominical  Letter 
at  the  head;  and  under  it>  all  the  days  In  that  co- 
lumn are  Sundaysy  in  the  divifions  of  the  months; 
the  next  column  to  the  right  hand  are  Mondays ^ 
the  next,  Tuefdays-y  and  fo  on  to  the  laft  column 
under  G-,  from  which  go  back  to  the  column  un- 
der Ay  and  thence  proceed  toward  the  right  hand 
as  before.  Thus,  in  the  year  1757,  the  Dominical 
Letter  Nt'ix)  Stile  is  B,  in  Table  V ; then  in  Table 
VI.  all  the  days  under  B are  Sundays  in  that  year, 
•viz.  the  ad,  9th,  i6th,  23d,  and  30th  of  January 
zndOSloher-y  the  6th,  13th,  20th,  and  27  th  Fe- 
bruary, Marchy  and  November  t the  3d,  loth,  and 
17th  of  April  and  July,  together  with  the  3 1 ft  of 
July'y  and  fo  on  to  the  foot  of  the  column.  Then, 
of  courfe,  all  the  days  under  C are  Mondays,  name- 
ly, the  3d,  lOth,  ^c.  January  and  October , and 
fo  of  all  the  reft  in  that  column.  If  the  day  of  the 
week  anfwering  to  any  day  of  the  month  be  required, 
it  is  ealily  had  from  the  fame  Table  by  the  Letter 
that  ftands  at  the  top  of  the  column  in  which  the 
given  day  of  the  month  is  found.  Thus,  the  Letter 
that  ftands  over  the  28th  of  May  is  A-,  and  in  the 
year  585  before  Christ,  the  Dominical  Letters 
were  found  to  be  FE,  § 391;  which  being  a Leap- 
year,  and  E taking  place  from  the  24th  of  February 
to  the  end  of  that  year,  ftiews  by  the  Table  that 
the  25th  of  May  was  on  a Sunday  \ and  therefore  the 
28th  muft  have  been  on  a Wednefday  for  when  E 
ftands  for  Sundayy  F muft  ftand  for  Monday,  G 
for  Fuejday,  &c.  Hence,  as  it  is  faid  that  the  fa- 
mous Eclipfe  of  the  Sun  foretold  by  Thales,  by 
which  a peace  was  brought  about  betv/een  the 
Medes  and  Lydians,  happened  on  the  28th  of  May, 
in  the  585th  year  before  Christ,  it  fell  on  a Wed- 
nefday. 

393.  From  themultiplication  of  the  Solar  Cycle 
of  28  years  into  the  Lunar  Cycle  of  i 9 years,  and 
the  Roman  Indidlion  of  15  years,  strifes  the  great 
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Julian  Period,  confiding  of  7980  years,  which  had 
itsbeginning764years  before  5/n2«c^/«j’sfuppofed 
year  of  the  Creation  (for  no  later  could  all  the  three 
Cycles  begin  together),  and  it  is  not  yet  com- 
pleted; and  therefore  it  includes  all  other  Cycles, 
Periods,  and  jEras.  There  is  but  one  year  in  the 
whole  Period  that  has  the  fame  numbers  for  the 
three  Cycles  of  which  it  is  made  up ; and,  therefore, 
if  hiftorians  had  remarked  in  their  writings  the 
Cycles  of  each  year,  there  had  been  no  difpute 
about  the  time  of  any  aftion  recorded  by  them. 

394.  The  Dionyfan  or  vulgar  iEra  of  Christ’s 
birth  was  about  the  end  of  the  year  of  the  Julian 
Period  4713;  and  confequently  the  firft  year  of 
his  age,  according  to  that  account,  was  the  47 14th 
year  of  the  faid  Period.  Therefore,  if  to  the  cur- 
rent year  of  Christ  we  add  4713,  the  fum  will  be 
the  year'of  the  Julian  Period.  So  the  year  175? 
will  be  found  to  be  the  6470th  year  of  that  period. 
Or,  to  find  the  year  of  the  Julian  Period  anfwering 
to  any  given  year  before  the  firft  year  of  Christ, 
fubtraft  the  number  of  that  given  year  from  4714, 
and  the  remainder  will  be  the  year  of  the  Julian 
Period.  Thus,  the  year  585  before  the  firft  year 
of  Christ  (which  was  the  584th  before  his  birth) 
was  the  4129th  year  of  the  faid  Period.  Laftly, 
to  find  theCycles  of  the  Sun,  Moon,  and  Indidlion, 
for  any  given  year  of  this  Period,  divide  the  given 
year  by  28,  19,  and  15;  the  three  remainders  will 
be  the  Cycles  fought,  and  the  Quotients  the  num- 
bers of  Cycles  run  fince  the  beginning  of  the  Pe- 
riod. So  in  the  above  47Hth  year  of  theJ«//^« 
Period,  the  Cycle  of  the  Sun  was  10,  the  Cycle 
of  the  Moon  2,  and  the  Cycle  of  Indiftion  45  the 
Solar  Cycle  having  run  through  168  courles,  the 
Lunar  248,  and  the  Indidtion  314. 

395*  The  vulgar  ^ra  of  Christ’s  Birth  was 
never  fettled  till  the  year  527,  when  Dionyftus  Exi- 
guus,  a Roman  Abbot,  fixed  it  to  the  end  of  the 
4713th  year  of  the  Julian  Period,  which  was  four 
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years  too  late. — For  our  Saviour  was  born  before 
the  death  of  Herodt  who  fought  to  kill  him  as  foon 
as  he  heard  of  his  birth.  And  according  to  the 
teftimony  of  Jofephus  (B.  xvii.  ch.  8.)  there  was 
an  Eclipfe  of  the  Moon  in  the  time  of  Herod\  laft 
illnefsj  which  Eclipfe  appears  by  our  Allronomi- 
cal  Tables  to  have  been  in  the  year  of  ihe  Julian 
Period  4710,  March  13th,  at  3 hours  paft  mid- 
night at  Jerufalem.  Now  as  our  Saviour  muft  have 
been  born  fome  months  before  Herod's,  death, 
fince  in  the  interval  he  was  carried  into  Egypty 
the  lateft  time  in  which  we  can  fix  the  true  iEra  of 
his  birth  is  about  the  end  of  the  4709th  year  of 
the  Julian  Period. 

There  is  a remarkable  Prophecy  delivered  to  us 
in  the  ninth  chapter  of  the  hoo\<i  oi Daniel,  which, 
from  a certain  Epoch,  fixes  the  time  of  reftoring  the 
(late  of  the  Jews,  and  of  building  the  walls  of 
Jerufalem,  the  coming  of  the  Messiah,  his  death, 
and  the  deftrudtion  of  Jerufalem.— fome  parts 
of  this  prophecy  (Ver,  25.)  are  fo  injudicioufly 
pointed  in  o\sr  Englifj  tranflation  of  the  Bihle,  that, 
if  they  be  read  according  to  thofe  flops  of  point- 
ing, they  are  quite  unintelligible. — But  the  learned 
Dr.  Prideaux,  by  altering  thefe  flops,  makes  the 
fenfe  very  plain;  and  as  he  feems  to  me  to  have 
explained  the  whole  of  it  better  than  any  other  au- 
thor I have  read  on  the  fubjedl,  I fhall  fet  down  ♦ 

the  whole  of  the  Prophecy  according  as  he  has 
pointed  it,  to  fhew  in  what  manner  he  has  divided 
it  into  four  different  parts.  , 

Ver.  24.  Seventy  weeks  are  determined  upon  thy 
People,  and  upon  thy  holy  City,  to  finifh  the  tranjgref- 
fton,  and  to  make  an  end  of  Sins,  and  to  make  recon  - 
eiliation  for  Iniquity,  and  to  bring  in  everlajling  Righ- 
teoufnefs,  and  to  feal  up  the  Vifton,  and  the  Prophecy, 
and  to  anoint  the  mojl  holy.  Ver.  25.  Know  therefore 
and  underfiand,  that  from  the  going  forth  of  the  Co7n~ 
mandment  to  rejiore  and  build  Jerufalem  unto  the 
Messiah  the  Prince  fhall  be feven  weeks  and  three- 
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fcore  and  two  weeks ^ the  ftreet  Jhall  be  built  agamy 
and  the  wall  even  in  troublous  times.  Ver.  26.  And 
after  threefcore  and  two  weeks  Jhall  Messiah  be  cut 
offy  but  not  for  himfelf,  and  the  people  of  the  Prince 
that  Jhall  come  y Jhall  defray  the  City  and  Sanbluary, 
and  the  end  thereoj  fjall  be  with  a foody  and  unto  the 
end  of  the  War  deflations  are  determined.  Ver.  27. 
And  he  Jhall  confirm  the  Covenant  with  many  for  one 
week,  and  in  the  midf*  of  the  week  he  Jhall  caufe  the 
Jacrifice  and  the  oblation  to  ceafcy  and  for  the  over- 
Jpreading  of  abominations  he  Jhall  make  it  defolate  even 
until  the  ConfummatioHy  and  that  determined  Jhall  be 
poured  upon  the  dejolate. 

This  Commandment  was  given  to  Ezra  by  Ar- 
taxerxes  LongimanuSy  in  the  feventh  year  of  that 
King’s  reign  {EzrUy  ch.  vii.  ver.  1 1 — 26.)  Ezra  be- 
gan the  work,  which  was  afterwards  accompliflied 
by  Nehemiah:  in  which  they  met  with  great  oppo- 
fition  and  trouble  from  the  Samaritans  and  others, 
during  the  firft  feven  weeks,  or  49  years. 

From  this  accomplifliment  till  the  time  when 
Christ’s  melTenger,  John  the  Baptifl,  began  to 
preach  the  Kingdom  of  the  Messiah,  62  weeks, 
or  434  years. 

From  thence  to  the  beginning  of  Christ’s  pub- 
lic miniftry,  half  a week,  or  3^  years. 

And  from  thence  to  the  death  of  Christ,  half 
a week,  or  3f  years;  in  which  half  week  he 
preached,  and  confirmed  the  Covenant  of  the  Gofpel 
with  many. 

In  all,  from  the  going  forth  of  the  Command- 
ment till  the  Death  of  Christ,  70  weeks,  or  490 
years. 

And,  laftly,  in  a very  ftriking  manner,  the  Pro- 
phecy foretels  what  fliould  come  to  pafs  after  the 
expiration  of  the  feventy  weeks',  namely,  the  De- 
fru5Hon  of  the  City  and  Sandiuary  by  the  people  of 
the  Prince  that  was  to  come-,  which  were  the  Roman 

• TheDoflor  fays,  that  this  ought  to  be  rendered,  the  half 
part  of  the  iveek,  not  the  midf. 
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armies,  under  the  command  of  'Titus  their  Prince, 
who  came  upon  Jerufalem  as  a torrent,  with  their 
idolatrous  images,  which  were  an  abomination  to 
the  Jews^  and  under  which  they  marched  againft 
them,  invaded  their  land,  and  befieged  their  holy 
City,  and  by  a calamitous  war  brought  fuch  utter 
deftrudtion  upon  both,  that  the  Jews  have  never 
been  able  to  recover  themfelves,  even  to  this  day. 

Now,  both  by  the  undoubted  Canon  of  Ptolemyy 
and  the  famous  jEra  of  Nabonajfar^  the  beginning 
of  the  feventh  year  of  the  reign  of  Artaxerxes  Lon- 
gimanuSi  King  of  Perfia^  (who  is  called  Aha/uerus 
in  the  book  of  Efiher)  is  pinned  down  to  the 
4256th  year  of  the  Julian  Period,  in  which  year  he 
gave  Ezra  the  above-mentioned-ample  Commif- 
fion  : from  which  count  490  years  to  the  death  of 
Christ,  and  it  will  carry  the  fame  to  the  4746th 
year  of  the  Julian  Period. 

Om  Saturday  is  the  JewiJh  Sabbath:  and  it  is 
plain  from  St.  Mark.,  ch.  xv.  ver.  42.  and  St.  Luke, 
ch.  xxiii.  ver.,  54,  that  Christ  was  crucified  on  a 
Friday^  feeing  the  crucifixion  was  an  the  day  next 
before  the  Jewifo  Sabbath. — And  according  to  St. 
Johuy  ch.  xviii.  ver.  28.  on  the  day  that  thePalTover 
was  to  be  eaten,  at  lead  by  many  of  the  Jews, 

The  Jews  reckoned  their  months  by  the  Moon, 
and  their  years  by  the  apparent  revolution  of  the 
Sun  : and  they  ate  the  PalTover  on  the  14th  day  of 
the  month  of  Nijany  which  was  the  firft  month  of 
their  year  reckoning  from  the  firlt  appearance  of 
the  New  Moon,  which  at  that  time  of  the  year 
might  be  on  the  evening  of  the  day  next  after  the 
change,  if  the  fky  was  clear.  So  that  their  14th  day 
of  the  month  anfwers  to  our  fifteenth  day  of  the 
Moon,  on  which  flie  is  full.— -Conlequently,  the 
PaflTover  was  always  kept  on  the  day  ot  Full  Moon. 

And  the  Full  Moon  at  which  it  was  kept,  was 
that  os\t  which  happened  next  after  the  Vernal 
Equinox.  E or  JoJephus (zys  ( Antiq.  B.iii. 
€h.  10.)  « The  PalTover  was  kept  on  the  J4th  day 
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“ of  the  month  of  Nifan,  according  to  the  Moon 
“ when  the  Sun  was  in  Ariesd^ — And  the  Sun  aN 
ways  enters  Aries  at  the  inftant  of  the  Vernal  Equi- 
nox i which,  in  our  Saviour’s  time,  fell  on  the  22d 
day  of  March, 

The  difpute  amongChronologers  about  the  year 
of  Christ’s  Death  is  limited  to  four  or  five  years 
at  moft. — But,  as  we  have  (hewn  that  he  was  cru- 
cified on  the  day  of  a Pafcal  Full  Moon,  and  on 
a Friday^  all  that  we  have  to  do,  in  order  to  afcer- 
tain  the  year  of  his  death,  is  only  to  compute  in 
which  of  thofe  years  there  was  a PaAbver  Full 
Moon  on  a Friday. — For,  the  Full  Moons  antici- 
pate eleven  days  every  year  (12  Lunar  Months 
being  fo  much  fhort  of  a Solar  year),  and  therefore, 
once  in  every  three  years  at  leaft,  the  Jews  were 
obliged  to  fet  their  Paffover  a whole  month  for- 
warder than  it  fell  by  the  courfe  of  the  Moon,  on 
the  year  next  before,  in  order  to  keep  it  at  the  Full 
Moon  next  after  the  Equinox  therefore  there  could 
pot  be  two  PafiTovers  on  the  fame  nominal  day  of 
the  week  withift  the  compafs  of  a few  neighbouring 
years.  And  I find  by  calculation,  the  only  Paffover 
Full  Moon  that  fell  on  a Friday ^ feveral  years 
before  or  after  the  difputed  year  of  the  Crucifixion, 
was  on  the  3d  day  of  April,  in  the  4746th  year  of 
the  Julian  Period,  which  was  the  490th  year  after 
Ezra  received  the  above-mentioned  Commiffion 
from  A>taxerxes  Longimanus,  according  to  Ptolemy\ 
Canon,  and  the  year  in  which  the  Messiah  was  to 
be  cut  off,  according  to  the  Prophecy,  reckoning 
from  the  going  forth  of  that  CommilTion  or  Com- 
mandment: and  this  490th  year  was  the  33d  year 
of  our  Saviour’s  Age,  reckoning  from  the  vulgar 
iEra  of  his  birth  j but  the  37th,  reckoning  from 
the  true  ^ra  thereof. 

And,  when  we  refled:  on  what  the  Jjf'K^itold  him, 
fome  time  before  his  death  (John,  viii.  57.)  “ 

art  not  yet  fifty  years  old,”  we  mull  confefs  that 
jt  fhould  fecm  much  likelier  to  have  been  faid  to  a 
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perfon  near  forty  than  to  one  but  juft  turned  of 
thirty.  And  we  may  eafily  fuppofe  that  St  Luke 
exprefled  himfelf  only  in  round  numbers,  ^^en  he 
faid  that  Chrift  was  baptized  about  the  pth  year  of 
his  age^  when  he  began  his  public  miniftry ; as  our 
Saviour  himfelf  did,  when  he  faid  he  fhould  lie 
three  days  and  three  nights  in  the  grave. 

The  4746th  year  of  the  Julian  Period,  which 
we  have  aftronomically  proved  to  be  the  year  of 
the  Crucifixion,  was  the  4th  year  of  the  202d  Olym- 
piad; in  which  year,  Bhlegon^  a heathen  writer, 
tells  us,  there  was  the  moji  extraordinary  Eclipfe  of 
the  Sun  that  ever  was feen.  But  1 find  by  calculation, 
that  there  could  be  no  total  Eclipfe  of  the  Sun  at 
Jerufalemy  in  a natural  way,  in  that  year. — So  that 
what  Phlegonhtr^  calls  an  Eclipfe  of  the  Sun  feems 
to  have  been  the  great  darknefs  for  three  hours  at 
the  time  of  our  Saviour’s  Crucifixion,  as  men- 
tiontjd  by  the  Evangelifts:  a darknefs  altogether 
fupernatural,  as  the  Moon  was  then  in  the  fide  of 
the  Heavens  oppofite  to  the  Sun:  and  therefore 
could  not  poffibly  darken  the  SuA  to  any  part  of 
the  Earth. 

396.  As  there  are  certain  fixed  points  in  the 
Heavens  from  which  Aftronomers  begin  their  com- 
putations, fo  there  are  certain  points  of  time  from 
which  hiftorians  begin  to  reckon;  and  thefe points, 
or  roots  of  time,  are  called  ^Eras  or  Epochs.  The 
moft  remarkable  yEras  are  ihofe  of  the  Creation^ 
the  -Greek  Olympiads^  the  building  of  Rome^  the 
jEra  of  Nabonaffar^  the  death  of  Alexander^  the 
Birth  of  Christ,  tht  Arabian  Hegira^  ai>d  the  Per- 
ftan  Tefdegird:  all  which,  together  with  feV\:ral 
others  of  lefs  note,  have  their  Beginnings  in  the 
following  Table  fixed  to  the  years  of  the  Julian 
Periody  to  the  Age  of  the  World  at  thofe  times, 
and  to  the  Years  before  and  after  the  year  of 
Christ’s  birth. 
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y/  ^ remarkable  Mras  and  Events. 


The  Creation  of  the  World  - 

1 he  Deluge,  or  Noah's  Flood  — 

The  Jffyrian  Monarchy  founded  by  Nimrod  — 
1 he  Birth  of  Abraham  — — 

T.  he  DeftrufHon  of  Sodom  and  Oomorrah 
The  beginning  of  the  Kingdom  of  Athens  by  Cecreps 
Mofes  receives  the  Ten  Commandments  - 
The  Entrance  of  the  I/raelites  into  Canaan 
The  Argonautic  Expedition 
The  Deltrudion  of  Troy  - — 

The  Beginning  of  King  David's  Reign  - 
The  Foundation  of  iS’jj/owa/i’s  Temple  — 
Lycurgus  forms  bis  exc:;llent  Laws  — 

Arbaces,  the  firll  King  of  the  Modes  — 
Mandaucus,  the  fecond  » — 

So/armus,  the  third  - — 

I'lie  Beginning  of  the  Olympiads  — 

Attica,  the  fourth  King  of  the  Modes  -» 

The  Catonian  Epocha  of  the  building  of  Rome 
The  jEra  of  NabonaJJdr  _ _ . 

The  Deftrudlion  of  Samaria  by  Sahnanefer 
The  firfl:  Eclipfe  of  the  Moon  on  Record 
Cardicea,  the  fifth  King  of  the  Modes  — 
Phraortes,  thefixth  •=•  — 

C^axares,  the  feventh  — — , 

'I'he  firft  Babylonijh  Captivity  by  Nebuchadnezzar 
The  long  War  ended  between  i\\e  Modes  and  Lydians 
The  fecond  Babylonijh  Cz^\Wny,  and  Birth  oi  Cyrus 
The  Dellruction  of  Solomon's  Temple  — — 

Nebuchadnezzar  ftruck  with  Madnefs  — • 

Daniel’s  Vifion  of  the  four  Monarchies  - — 

Cyrus  b' gins  to  reign  in  the  Perjtan  Empire 
I’he  Battle  of  Marathon  — — 

Artaxerxes  Lcngimanus\styJ\.X{S  K.0  — 

The  Beginning  of  Deiniel  s feventy  Weeks  of  Years 
The  Beginning  of  the  P eloponnejian  War  ^ — 

Alexanders  Viftory  at  Arbela  — 

His  Death  — — — 

The  Captivity  of  loo.cpoyewr  by  P tolemy  ~ 

The  CololTus  of  Rhodes  thrown  down  by  \ 
an  Earthquake  J 

Antiochus  defeated  by  ptolemy  Philopater  — 
i he  famous  Archimedes  murdered  at  Syracufe  — 
‘Jafon  botchers  the  Inhabitants  oi  Jerufalem 
Corinth  plondered  and  burnt  by  Conful  Mummiuf 
Julius  Ceafar  invades  Britain  ~ 

He  corrcdts  the  Calendar  — - — 

Js  killed  in  the  Senate-Houfe  "• 


Julian 

Eciiod. 

Y.of.hc 

World- 

70(- 

0 

2362 

1656 

2537 

1831 

2714 

2008 

2816 

2110 

3«57 

2451 

3222 

2516 

3262 

2556 

3420 

2714 

3504 

2798 

3650 

2944 

3701 

299s 

3829 

3'°3 

3838 

3'32 

3863 

3'59 

3915 

3209 

3938 

3232 

3945 

3239 

3961 

3255 

3967 

3261 

3992 

?:p 

3993 

35>o7 

3996 

3290 

4058 

3352 

4080 

3574 

410, 

3401 

41 1 1 

3405 

4114 

3408 

4125 

3419 

4144 

3438 

4158 

3452 

4>77 

347' 

4223 

35'7 

4249 

3543 

4256 

3550 

r|.z8  Z 

3576 

4383 

3677 

4390 

3684 

4393 

3687 

449' 

00 

4496 

3790 

4506 

3800 

4543 

3837 

4567 

3861 

4659 

3953 

4677 

3961 

4671 

3965 

48. 


Defore 

chfin. 

4007 

235' 

2176 

>999 

1897 

1556 

1491 

1451 

>293 

1209 

1063 

loiz 

884 

875 

848 

798 

77S 

768 

746 

721 

720 

717 

655 

633 

606 

602 

599 

588 

569 

536 

490 

464 

457 

43‘ 

330 

323 

320 

222 

217 

207 

170 

146 

54 

46 

42 

Herod 
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48.  Hirod  made  King  of  Jufa  — — 

49.  Anthony  defeated  at  the  Battle  of  Aatum  — — 

to.  Agrippa  haWdii  the  Pantheon  ZX.  Rome  — — 

ri!  The  true  ^ra  of  Christ’s  Birth  — 

52.  The  Death  of  Herod  — ““ 

53.  The  Dionyftan  or  vulgar  ^ra  of  Christ’s  Birth 

54.  The  true  year  of  his  Crucifixion 

55.  The  Deftruftion  of  Jeru/alem  — 

56.  Adrian  builds  the  Long  Wall  in  Britain  — — 

57.  Conftantius  defeats  the  Bias  in  Britain  — — 

58.  The  Council  of  Nice  — *” 

59.  The  Death  of  Conjiantine  the  Great  — 

60.  The  Saxons  invited  into  Britain  — — 

61.  'The  Arabian  Hegira  — 

6z.  The  Death  of  Mahommed  the  pretended  Prophet  - 

63.  The  Perjian  Tefdegird  — ~ 

64.  The  Sun,  Moon,  and  all  the  Planets  in  Libra,  7 

Se'pt,  14,  as  feen  from  the  Earth  3 

65.  The  Art  of  Printing  difeovered  — ■ — 

66.  The  Reformation  begun  by  Martin  Luther  - — 


I Julian 
|pcriod. 

4673 

4683 

4688 

4709 

47 


V.ofthf 

World. 

3967 

3977 

3982 

4003 

4004 


4713 

4746 

4783 

4833 

5019 

5038 

5050 

5158 

S335 

5343 

5344 


4007 

4040 

4077 

4127 

4313 

4332 

4344 

4452 

4629 

4637 

4638 


Before 

Chrift. 

40 

30 

25 

4 

3 

After 

Chrift. 

O 

33 

70 

120 

306 

325 

337 

445 

622 

630 

631 


5899 

6153 

,6230 


5193 

5447 

5524 


1186 

1440 

1517 


In  fixing  the  year  of  the  Creation  to  the  706th  f p ofthe 
year  of  the  Juhan  Period,  which  was  the  4007th  certain, 
year  before  the  year  of  Christ’s  Birth,  I have  fol- 
lowed Mr.  Bedford  in  his  Scripture  Chronology, 
printed  A.  D.  1730,  and  Mr.  Kennedy,  in  a work 
of  the  fame  kind,  printed  A.  D.  1762. — Mr.  Bed- 
ford takes  it  only  for  granted  that  the  World  was 
created  at  the  time  of  the  Autumnal  Equinox ; 
but  Mr.  Kennedy  affirms  that  the  faid  Equinox  was 
at  the  noon  of  the  fourth  day  of  the  Creation- 
week,  and  that  the  Moon  was  then  24  hours  paft 
her  Oppofition  to  the  Sun. — If  Mojes  had  told  us 
the  fame  things,  we  fhould  have  had  fufficient 
data  for  fixing  the  jEra  of  the  Creation  : but,  as 
he  has  been  filent  on  thefe  points,  we  mull  con- 
fider  the  beft  accounts  of  Chronologers  as  entirely 
hypothetical  and  uncertain. 
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Table  I.  Skewing  ike  Golden  Number  ( which  is  the  fame  both 
in  the  Old  and  New  Stile  J from  the  Cbrijlian  j^ra  to  A.  D.  380. 


Years  lefs  than  an  Hundred. 


Hundreds 

nf 

Years. 


o 1900 


100,2000 
2002 100 


300  2200 


400  2300 


500|2400 

6002500 

700:2600 

800,2700 

9002800 


10002900 

11003000 


J 200.3  lOQ 


13003200 


1400:3300 


i5oo'340o 
i6oo'350o 
17003600 
1800  3700 


i ° 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13  14U5 

16 

17 

18 

;,I9  20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32;33:34 

35 

36 

37 

3« 

m 

39 

.58 

40 

59 

41- 

60 

42 

61 

43 

62 

44 

63 

45 

64 

46 

,65 

47 

66 

48 

67 

49 

68 

50 

69 

5M52j53 
170171  72 

54 

73 

55 

74 

56 

75 

7^> 

77 

7« 

79 

80 

81 

82 

83  84 

85 

86 

87 

88 

8q'qo 

91 

92 

93 

94 

97 

99 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

»5 

16 

17 

18 

‘9 

6 

7 

8 

9 

10 

1 1 

12 

13 

‘4 

15 

16 

17 

18 

19 

I 

2 

3 

4 

5 

II 

12 

13 

14 

15 

16 

f7 

(8 

'9 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

16 

*7 

i8 

19 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

H 

15 

1 2 

3 

.4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

H 

15 

i6 

17 

18 

19 

I 

! 7 

8 

9 

10 

1 1 

12 

13 

H 

15 

16 

*7 

18 

19 

I 

2 

2 

4 

5 

6 

|I2 

‘3 

14 

15 

16 

^7 

18 

'9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

^7 

18 

^9 

I 

2 

3 

8 

4 

5 
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7 

8 

9 

10 
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15 

16 

3 

4 

5 

6 

7 
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i6 

‘7 

18 

19 

I 

2 

8 

9 

10 
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12 

13 

M 

'5 

16 

‘7 

18 

^9 

I 

2 

3 

4 

5 

6 

7 

13 

14 

'5 

16 

17 

18 

19 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

IT 

12 

18 

^9 

1 

2 

3 

4 

5 

6 

7 

9 

10 
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12 
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17 
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7. 

8 

9 

IC 

r I 

12 

i3;J4 

15 

16 

‘7 

18 

19 

I 

2 

3 

9. 
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12 
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18 
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I 
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3 
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14 
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16 

17 

18 

19 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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12 

13 

19 
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2 

3 

4 

5 

6 

/ 

8 

9 

10 
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12 

13 

14 

15 

16 

»7 

iS 
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6 

7 

8 

9 

10 
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12 

13 
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16 

17 

18 

>9 

I 

2 

3 

4 

10 
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12 

>3 

'4 

>5 

16 

*7 

i8 

>9 

.5 

I 
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3 

4 

5 

6 

7 

8 
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15 

16 

17 

18 

19 

1 

2 

3 

4 

6 

7 

8 

9 

1 1 

12 

J3 
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Table  II.  Shewing  the  Number  of  Direbtion,  for  finding  Eafier 
Sunday  by  the  Golden  Number  and  Dominical  Letter. 
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fr ABLE  III.  Shelving  the  T)omimcal  Letters,  Old 
Stile,  for  4200  Tears  before  the  Chri/lian  JEra. 


Bef.  Chrift, 


Hundreds  of  Years. 


Years  lefs 
than  an 
Hundred. 


o 28  56  84 

2 30;58j86 
4132:50  8s 


5 89 

634,62,90 

7 3Sj63 

8 36  64 


937^65 

38.66 

39.67 
1-0  68 


9‘ 


4‘ 


69 
42  70 
4JT7' 


44 


72 


‘7  45  73 
4^»74 
47  75 


18 

‘9  , . 

20I48  76 


21:49  77 
T° 

23'5‘' 
24,52 


79 

80 


2553 

26|54 

27i55 


93 

91 

95 

96 

97 

98 

99 


0 

ICO 

j 20c 

300 

400 

<;oc 

600 

700 

OC 

0 

0 

!_9oc 

1000 

1 100 

1 20c 

1300 

1400 

1500  1 60c 

1700 

1800 

190c 

2000 

2100 

2 200 

230C 

2400 

2500 

260c 

2700 

2806 

2900 

3000 

3i-:o 

3200 

3300 

3400 

350c 

3600 

3700 

3800 

3900 

4000 

4100 

D C 

C B 

B A 

A G 

G F 

F E 

E D 

E 

D 

C 

B 

A 

G 

F 

F 

E 

D 

C 

B 

A 

G 

G 

F 

E 

D 

C 

B 

A 

B A 

A G 

G F 

F E 

E D 

D’C 

C B 

C 

B 

A 

G 

F 

E 

D 

D 

C 

B 

A 

G 

F 

E 

E 

D 

C 

B 

A 

G 

F 

G F 

F E 

£ D 

D C 

C B 

B A 

A G 

A 

G 

F 

E 

D 

C 

B 

B 

A 

G 

F 

E 

i) 

C 

C 

B 

A 

G 

F 

E 

D 

E D 

D C 

C B 

B A 

A G 

G F 

F E 

F. 

E 

D 

C 

B 

A 

G 

G 

F 

E 

D 

C 

B 

A 

A 

G 

F 

E 

D 

C 

B 

C B 

B A 

A G 

G F 

F E 

E D 

D C 

D 

C 

B 

A 

G 

F 

E 

E 

D 

C 

B 

A 

G 

F 

F 

E 

D 

C 

B 

A 

G 

A G 

G F 

F E 

E D 

D L 

C B 

B A 

B 

A 

G 

F 

E 

D 

C 

C 

B 

A 

G 

F 

E 

D 

D 

C 

B 

A 

G 

F 

E 

F E 

E D 

D C 

C B 

B A 

A G 

G F 

G 

F 

E 

D 

C 

B 

A 

A 

G 

F 

E 

D 

C 

B 

B 

A 

G 

F 

E 

D 

r'* 
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Table  IV.  Shewing  the  Dominical  Letters^  Old 
Stile t for  4200  Years  after  the  ChriJHan  ^ra. 


After  Chr. 


Hundreds  of  Years. 


0 

ICO 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

I ICO 

12CO 

130Q 

Years  lefs 

1400 

1500 

1600 

1 70c 

1800 

1900 

2000 

than  an 

2100 

2200 

2300 

2400 

1500 

260c 

2700 

Hundred. 

2800 

2900 

3000 

3100 

32CO 

3300 

3400 

5500 

3600 

3700 

3800 

3900 

4000 

4100 

0 

28 

56 

84 

D C 

£ D 

F E 

G F 

A G 

B A 

C B 

I 

29 

57 

85 

B 

C 

D 

E 

F 

G 

A 

2 

30 

58 

86 

A 

B 

C 

D 

E 

F 

G 

3 

3' 

59 

87 

G 

A 

B 

C 

D 

E 

F 

4 

32 

60 

88 

F E 

G F 

A G 

B A 

C B 

D C 

E D 

5 

33 

61 

89 

D 

E 

F 

G 

A 

B 

C 

6 

34 

62 

90 

C 

D 

E 

F 

G 

A 

B 

7 

35 

63 

9' 

B 

C 

D 

E 

F 

G 

A 

8 

64 

92 

A G 

B A 

C B 

C D 

E P 

F E 

G F 

9 

37 

65 

93 

F 

G 

A 

B 

C 

D 

E 

1038 

66  c;4 

E 

F 

G 

A 

B 

C 

D 

1 1 

,39 

^7.95 

D 

E 

F 

G 

A 

B 

C 

12 

'40 

68  96 

C B 

D C 

E D 

F E 

G F 

A G 

B A 

«3.4‘ 

6997 

A 

B 

C 

D 

E 

F 

G 

1442 

7098 

G 

A 

B 

C 

D 

E 

F 

■5  43 

7 >99 

F 

G 

A 

B 

c 

D 

E 

i6'44 

72 

E D 

F E 

G F 

A G 

,B  A 

C B 

D C 

'7,45 

73 

C 

D 

E 

F 

G 

A 

B 

1846 

74 

B 

C 

D 

E 

F 

G 

A 

'9  47 

75 

A 

B 

C 

13 

• E 

F 

G 

20 

48 

ll. 

76 

G F 

A G 

B A 

C B 

D C 

E D 

F E 

21 

1 

,49 

77 

E 

F 

G 

A 

B 

C 

D 

22 

'5° 

78 

D 

E 

F 

G 

A 

B 

C 

23  5‘ 

79 

C 

D 

E 

F 

G 

A 

B 

2452 

ao 

j 

i 

B A 

C B 

D C 

E D 

F E 

G F 

A G 

25 

^53 

8i 

i 

G 

A 

B 

C 

D 

E 

F 

26.54,82 

j 

F 

G 

A 

B 

C 

D 

F. 

^7!5ii8j 

i 

17 

F 

G 

A 

1 

B 

C 

'T' 

1 A Ji  I,  E 
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Table  V.  'The  Dominical  Letter^ 
Ne<w  Stile,  for  4000  Years  after 
the  Chrijlian  uiira. 

After  Chr. 

Hundreds  of  Years. 

100 

200 

300 

4c  0 

500 

600 

700 

800 

900 

1000 

1 100 

1200 

1300 

1400 

1500 

1600 

Years  lefs 

1 7 00 

1800 

1900 

2000 

than  an 

2100 

2200 

2300 

2400 

Hundred. 

2500 

2600 

2700 

2800 

2900 

3000 

3100 

320c 

3300 

3400 

3500 

3600 

3700 

3800 

3900 

4000 

C 

E' 

G 

B A 

I 

29 

57 

85 

B 

D 

F 

G 

2 

30 

58 

86 

A 

C 

E 

F 

3 

31 

59 

«7 

G 

B 

D 

E 

4 

32 

60 

88 

F E 

A G 

C B 

D C 

9 

1 

33 

61 

89 

D 

F 

A 

B 

34 

62 

90 

C 

E 

G 

A 

7 

33 

63 

91 

B 

D 

F 

G 

8 

36 

64 

92 

A G 

C B 

E D 

F E 

9 

37 

65 

93 

F 

A 

C 

D 

lO 

38 

65 

94 

E 

G 

B 

C 

1 1 

39 

67 

95 

D 

F 

A 

B 

12 

40 

68 

96 

C B 

E D 

G F 

A G 

‘3 

41 

69 

97 

A 

C 

E 

F 

«4 

42 

70 

98 

G 

B 

D 

E 

•5 

43 

7« 

99 

F 

A 

C 

D 

16 

44 

72 

E D 

G F 

B A 

C B 

«7 

43 

73 

C 

E 

G 

A 

18 

46 

74 

B 

D 

F 

G 

«9 

47 

75 

A 

C 

E 

F 

20 

48 

76 

G F 

B A 

D C 

E D 

21 

49 

77 

E 

G 

B 

C 

22 

50 

78 

D 

F 

A 

B 

Z3 

51 

79 

C 

E 

G 

A 

24 

52 

80 

B A 

D C 

F E 

G F 

25 

53 

81 

G 

B 

D 

E 

z6 

54 

82 

•F 

A 

C 

D 

27 

55 

83 

E 

G 

B 

C 

28 

56 

84 

D C 

F E 

A G 

B A 
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Table  VI.  Shewing  the  Days  of  the  Months^  for 
both  Stiles,  by  the  Dominical  Letters. 


Week  Days. 

A 

B 

January  31 
Odlober  3 1 

I 

8 

15 

22 

29 

z 

9 

16 

23 

30 

Feb.  28-29 
March  31 
November  30 

5 

12 

19 

26 

6 

'3 

20 

27 

April  30 
July  31 

2 

9 

16 

23 

30 

3 

lO 

17 

24 

31 

f 

Auguft  31 

,6 

13 

20 

27 

7 

H 

21 

28 

September  30 
iDecember  21 

! 

3 

10 

17 

24 

3‘ 

4 

1 1 
iS 

25 

I 

8 

15 

22 

29 

i 

1 

'May  31 

7 

2 1 
28 

June  30 

4 

J i 

18 

25 

5 

12 

19 

26 

C 

D 

E 

F 

G 

3 

4 

5 

6 

7 

10 

1 1 

12 

«3 

H 

17 

18 

'9 

20 

21 

24 

25 

26 

27 

28 

3» 

I 

2 

3 

4 

7 

8 

9 

10 

1 1 

14 

16 

17 

18 

21 

22 

23 

24 

25 

z8 

29 

30 

31 

I 

4 

5 

6 

7 

8 

1 1 

12 

‘3 

H 

’S  ! 

18 

*9 

2C 

2 1 

22  j 

25 

26 

27 

28 

I 

2 

3 

4 

S 1 

8 

9 

10 

1 1 

12  i 

*5 

16 

17 

i8 

'9  i 

22 

23 

24 

25 

2&  j 

29 

30 

3' 

1 

— 

— 

I 

2 ! 

5 

6 

7 

8 

9 . 

I z 

14 

15 

16  1 

^9 

20 

21 

22 

23 

26 

27 

28 

29 



30 

2 

3 

4. 

5 

I 

^ i 

9 

10 

1 1 

1 2 

'3 

16 

17 

18 

‘9 

20; 

23 

24 

25 

26 

27 

30 

3> 

I 

I 

2 

3 ! 

6 

7 

8 

9 

10  j 

"3 

«4 

15 

16 

17  : 

20 

21 

22 

23 

24  ( 

27 

28 

29 

30 

1 
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‘The  Orrery  de/crihed. 


Fronting  the 
Title-page. 
The  Or- 
rery. 


The  Sun. 


The  EcHp. 
tic. 


Mercury. 


Venus. 


CHAP.  XXII. 

A Dejcriptiom  of  the  Aftronomical  Machinery  Jerving 
to  explain  and  illujirate  the  foregoing  part  of  this 
Treatife. 

397.^"^  HE  Orrery.  This  Machine  fhews  the 
Motions  of  the  Sun,  Mercury,  Venus, 
Earth,  and  Moon,  and  occafionally,  the  fuperior 
Planets,  Mars,  Jupiter,  and  Saturn,  may  be  put 
onj  Jupiter’s  four  Satellites  are  moved  round  him 
in  their  proper  times  by  a fmall  winch;  and  Sa- 
turn has  his  five  Satellites,  and  his  Ring,  which 
keeps  its  Parallelifm  round  the  Sun;  and  by  a 
Lamp  put  in  the  Sun’s  place,  the  Ring  fhews  all 
the  Phafes  defcribed  in  the  204th  Article. 

In  the  Center,  No.  i,  reprefents  the  Sun,  fup- 
ported  by  its  Axis  inclining  almoft  8 Degrees 
from  the  Axis  of  the  Ecliptic;  and  turning  round 
in  25I  days  on  its  Axis,  of  which  the  North  Pole 
^inclines  toward  the  8th  Degree  of  Pifces  in  the 
great  Ecliptic  (No.  1 1.),  whereon  the  months  and 
Days  are  engraven  over  the  Signs  and  Degrees  in 
which  the  Sun  appears,  as  feen  from  the  Earth,  on 
the  different  days  of  the  year. 

The  neareft  Planet  (No.  2.)  to  the  Sun  is  Mer- 
curjy  which  goes  round  him  in  87  days  23  hour.^, 
or  8 diurnal  rotations  of  the  Earth  ; but  has 
no  Motion  round  its  Axis  in  the  Machine,  becaule 
the  time  of  its  diurnal  Motion  in  the  Heavens  is 
not  known  to  us. 

The  next  Planet  in  order  is  Venus{f^o.  3.)  which 
performs  her  annual  courle  in  224  days  17  hours; 
and  tuVns  round, her  Axis  in  24  days  8 hours,  or 
in  244-  diurnal  rotations  of  the  Earth.  Her  Axis 
inclines  75  Degrees  from  the  Axis  of  the  Ecliptic, 
and  her  North  Pole  inclines  toward  the  20ih  De- 
gree of  Aquarius,  according  to  the  obfcrvations  of 

Bianchini. 
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Bianehini.  She  fhews  all  the  Phenomena  deferibed 

• from  the  30th  to  the  44th  Article  in  Chap.  I. 

Next  without  the  Orbit  of  Venus  is  the  Eartht  Tie  Earth; 
(No.  4.)  which  turns  round  its  Axis,  to  any  fixed 
point  at  a great  diftance,  in  23  hours  56  minutes 
4 feconds,  of  mean  folar  time  (§  221,  ^/eq.^'but 
from  the  Sun  to  the  Sun  again  in  24  hours  of  the 
fame  time.  Noi  6.  is  a fydercal  DiaKplate  under 
the  Earth  ; and  No.  7.  a folar  Dial-plate  on  the 
cover  of  the  Machine.  The  Index  of  the  former 
fhews  fydereal,  and  of  the  latter,  folar  time  ; and 
hence,  the  former  Index  gains  one  entire  revolu- 
tion on  the  latter  every  year,  as  365-  folar  or  natu- 
ral days  contain  366  fydercal  dayS>  or  apparent  re- 
volutions of  the  Stars.  In  the  time  that  the  Earth 
makes,  3651  diurnal  rotations  on  its  Axis,  it  goes 
once  round  the  Sun  in  the  Plane  of  the  Ecliptic; 
and  always  keeps  oppofite  to  a movino-  Index 
(No.  10.)  which  Ihews  the  Sun’s  apparent  daily 
change  of  place,  aud  alfo  the  days  of  the  months. 

The  Earth  is  half  covered  with  a black  cap,  for 
dividing  the  apparently  enlightened  half  next  the 
Sun  from  the  other  half,  which  when  turned  away 
from  him  is  in  the  dark.  The  edge  of  the  cap  re- 
prelents  the  Circle  bounding  Light  and Darknejsy  and 
Ihcws  at  what  time  the  Sun  rifes  and  fets  to  all 
places  throughout  the  year.  The  Earth’s  Axis  in- 
clines 23i  Degrees  from  the  Axis  of  the  Ecliptic 
the  North  Pole  inclines  toward  the  beginning  of 
Cancer,  and  keeps  its  Parallelifm  throughout  its 
annual  Courfe,  § 48,  202  ; fo  that  in  Summer  the 
norihern  parts  of  the  Earth  incline  toward  the 
Sun  and  in  Winter  from  him;  by  which  means 
the  different  lengths  of  days  and  nights,  and  the 
caufc  of  the  various  fcafons,  are  demonftrated  to 
fight. 

There  is  a broad  Horizon,  to  the  upper  fide  of 
which  is  fixed  a Meridian  femicircle  in  the  North 
_ and  South  Points,  graduated  on  both  Tides  from 

• the  Horizon  to  90°  in  theZenith,  or  vertical  Point. 

^ ^ The 
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The  Moon. 


The  Nodet, 


^be  Orrery  dejcriled. 

The  edge  of  the  Horizon  is  graduated  from  the 
Eaft  and  Weft  to  the  South  and  North  Points,  and  * 
within  thefe  Divifions  are  the  Points  of  the  Coin- 
pafs.  From  the  lower  fide  of  this  thin  Horizon- 
plate  ftand  out  four  fmall  Wires,  to  which  is  fixed 
a Twilight-cipcle,  i8  Degrees  from  the  graduated 
fide  of  the  Horizon  all  round.  This  Horizon 
may  be  put  upon  the  Earth  (when  the  cap  is  taken 
away)  and  redlified  to  the  Latitude  of  any  place  : 
and  then,  by  a fmall  Wire  called  the  Solar  Ray, 
which  may  be  put  on  fo  as  to  proceed  diredtly  from 
the  Sun’s  Center  toward  the  Earth’s,  but  to  come 
no  farther  than  almoft  to  toXich  the  Horizon.  The 
beginning  of  Twilight,  time  of  Sun-rifing,  with 
his  Amplitude,  Meridian  Altitude,  Time  of  Set- 
ting, Amplitude  then,  and  End  of  Twilight,  are 
Ihewn  for  every  day  of  the  year,  at  that  place  to 
which  the  Horizon  is  redtified. 

The  Moon  (No.  5.)  goes  round  the  Earth,  from 
between  it  and  any  fixed  point  at  a great  diftance, 
in  27  days  7 hours  43  minutes,  or  through  all  the 
Signs  and  Degrees  of  her  Orbit ; which  is  called 
her  Periodical  Revolution',  but  flie  goes  round  from 
the  Sun  to  the  Sun  again,  or  from  Change  to 
Change,  in  29  days  12  hours  45  minutes,  which 
is  her  Synodical  Revolution',  and  in  that  time  flie  ex- 
hibits all  the  Phafes  already  defcribcd,^  § 255. 

When  the  above-mentionedHorizon  is  redified 
to  the  Latitude  of  any  given  place,  the  Times  of 
the  Moon’s  rifing  and  fetting,  together  with  her 
Amplitude,  are  Ihewn  to  that  place  as  well  as  the 
Sun’s ; and  all  the  various  Phenomena  of  the  Har- 
veft-Moon,  § 273,  Jeq.  are  made  obvious  to 
fight. 

The  Moon’s  orbit  (No.  9.)  is  inclined  to  the 
Ecliptic  (No.  II.),  one  half  being  above,  and  the 
other  below  it.  The  Nodes  or  Points  at  o and  o, 
lie  in  the  Plane  of  the  Ecliptic,  as  defcribed  §317, 
318,  and  ftiift  backward  through  all  its  Signs  and 
Degrees  in  1 8-^  years.  The  Degrees  of  the  Moon’s 

^ Latitude, 
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Latitude,  to  the  higheft  at  NL  (North  Latitude) 
and  lowed:  at  5L  (South  Latitude),  are  engraven 
both  ways  from  her  Nodes  at  o and  o j and,  as  the 
Moon  rifes  and  falls  in  her  Orbit  according  to  its 
inclination,  her  Latitude  and  Diftance  from  her  • 

Nodes  are  fhewn  for  every  day;  having  firfl:  refli- 
fied  her  Orbit  fo  as  to  fet  the  Nodes  to  their  proper 
places  in  the  Ecliptic  : and  then,  as  they  come 
about  at  different,  and  almoft  oppofite,  times  of  the 
year,  § 319,  and  point  twice  toward  the  Sun,  all 
the  Eclipfes  may  be  fhewn  for  hundreds  of  years 
(without  any  new  reftification)  by  turning  the 
Machinery  backward  for  time  pad,  or  forward  for 
time  to  come.  At  17  Degrees  diftance  from  each 
Node,  on  both  Tides  is  engraven  a fmall  Sun  ; and 
at  1 2 Degrees  diftance,  a fmall  Moon ; which  ftiew 
the  limits  of  Tolar  and  lunar  Eclipfes,  § 317  : and 
•when,  at  any  change,  the  Moon  falls  between  ei- 
ther of  thefe  Suns  and  the  Node,  the  Sun  will  be 
eclipfed  on  the  day  pointed  to  by  the  Annual  Index 
(No.  10.);  and  astheMoon hasthenNorthorSouth 
Latitude,  one  may  eafily  judge  whether  that 
Eclipfe  will  be  vifible  in  the  Northern  or  Southern 
Hemifphere;  cfpecially  as  the  Earth’s  Axis  in- 
clines toward  the  Sun  or  from  him  at  that  time. 

And  when,  at  any  Full,  the  Moon  falls  between 
either  ofthe  little  Moons  and  Node,  fhe  will  be 
eclipfed,  and  the  Annual-Index  fhews  the  day  of 
that  Eclipfe.  There  is  a Circle  of  29I  equal  parts 
(No.  8.)  on  the  cover  of  the  Machine,  on  which 
an  Index  (hews  the  days  of  the  Moon’s  age. 

Afemi-ellipfis  and  lemi-circle  are  fixed  to  an  cl-  plate 

liptical  ring,  which  being  put  like  a cap  upon  the  pj'fx 
Earth,  and  the  forked  part  F upon  the  Moon,  ^ 
fliews  the  tides  as  the  Earth  turns  round  within 
them,  and  they  are  led  round  it  by  the  Moon. 

When  the  different  places  come  to  the  femi-ellipfis 
A aE  lB,  they  have  Tides  of  Flood  ; and  when 
they  come  to  the  femi-circle  CED,  they  have  Tides 
Ebb,  § 304,  305;  the  Index  on  the  Hour- 
D d 2 Circle 
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Circle  (No.  7.)  (hewing  the  times  of  thefe  Phe- 
nomena, 

There  is  ajointed  Wire,  of  which  one  end  be- 
ing put  into  a hole  in  the  upright  ftem  that  holds 
the  Earth’s  cap,  and  the  Wire  laid  into  a fmall 
forked  piece  which  may  be  occafionally  put  upon 
/ Venus  or  Mercury,  Ihews  the  direft  and  retrograde 
Motions  of  thefe  two  Planets,  with  their  ftation- 
ary  Times  and  Places  as  feen  from  the  Earth. 

The  whole  Machinery  is  turned  by  a winch  or 
handle  (No.  12.),  and  is  fo  eafily  moved,  that  a 
clock  may  turn  it  without  any  danger  of  flopping. 

To  give  a Plate  of  the  Wheel-work  of  this  Ma- 
chine would  anfwer  no  purpofe,  becaufe  many  of 
' the  wheels  lie  fo  behind  others,  as  to  hide  them 
from  fight  in  any  view  whatever. 


Another 

Orrery. 

PLATE 
VI. 
Fig*  I. 


398.  Another  Orrery.  In  this  Machine,  which 
is  the  fimpleft  I ever  faw,  for  (hewing  the  diurnal 
and  annual  motions  of  the  Earth,  together  with 
the  motion  of  the  Moon  and  her  Nodes,  A and  B 
are  two  oblong  fquare  plates  held  together  by  four 
upright  pillars  ; of  which  three  appear  at  /,  gy 
and  g 2.  Under  the  Plate  is  an  endlefs  fcrew  on 
the  Axis  of  the  handle  hy  which  works  in  awheel 
fixed  on  the  fame  Axis  with  the  double-grooved 
wheel  E ; and  on  the  top  of  this  Axis  is  fixed  the 
toothed  wheel  /,  which  turns  the  pinion  ky  on  the 
top  of  whofe  Axis  is  the  pinion  k 2 which  turns 
another  pinion  b 2,  and  that  turns  a third,  which 
being  fixed  on  a 2,  the  Axis  of  the  Earth  t/,  turns 
it  round,  and  the  Earth  with  it : this  laft  Axis  in- 
clines in  an  angle  of  23 1 Degrees.  The  fupporter 
X^y  in  which  the  Axis  of  the  Earth  turns,  is  fixed 
to  the  moveable  Plate  C. 

In  the  fixed  Plate  5,  beyond  Hy  is  fixed  the 
(Irong  wire  d,  on  which  hangs  the  Sun  7*,  fo  as  it 
may  turn  round  the  wire.  To  this  Sun  is  fixed  the 
wire  or  folar  ray  Z,  which  (as  the  Earth  U turns 
round  its  Axis)  points  to  all  the  places  that  the 
Sun  pafiTes  vertically  oyer,  every  day  of  the  year. 


The  Orrery  defcrihed. 

The  Earth  is  half  covered  with  a black  cap  <7,  as 
in  the  former  Orrery,  for  dividing  the  day  from 
the  night;  and,  as  the  different  places  come  out 
from  below  the  edge  of  the  cap,  or  go  in  below 
it,  they  fliew  the  times  of  Sun-rifing  and  fctting 
every  day  of  the  year.  This  cap  is  fixed  on  the 
wire  which  has  a forked  piece  C turning  round 
the  wire  d\  and,  as  the  Earth  goes  round  the  Sun 
it  carries  the  Cap,  Wire,  and  folar  Ray  round  him; 
fo  that  the  folar  Ray  conftantly  points  toward  the 
Earth’s  Center. 

On  the  Axis  of  the  pinion  k is  the  pinion 
which  turns  a wheel  on  the  cock  or  fupporter  », 
and  on  the  Axis  of  this  wheel  neareft«  is  a pinion 
(hid  from  view)  under  the  plate  C,  which  pinion 
turns  a wheel  that  carries  the  Moon  V round  the 
Earth  CT";  the  Moon’s  Axis  rifing  and  falling  in 
the  focket  W,  which  is  fixed  to  the  triangular  piece 
above  Z ; and  this  piece  is  fixed  to  the  top  of  the 
Axis  of  the  laft-mentioned  wheel.  The  focket  W 
is  flic  on  the  outermofl:  fide;  and  in  this  flic  the 
two  pins  near  fixed  in  the  Moon’s  Axis,  move 
up  and  down  ; one  of  them  being  above  the  in- 
clined Plane  TX\  and  the  other  below  it.  By  this 
mechanifm,  the  Moon  V moves  round  the  Earth 
T\n  the  inclined  Orbit  y,  parallel  to  the  Plane  of 
the  Ring  Z'X;  of  which  the  Defending  Node  is 
at  Xy  and  the  Afcending  Node  oppofite  to  it,  but 
hid  by  the  fupporter  X2. 

The  fmall  wheel  E turns  the  large  wheels  D and 
Fy  of  equal  diameters,  by  cat-gut  firings  croflino- 
between  them:  and  the  Axes  of thefe  two  wheels 
are  cranked  at  G and  Hy  above  the  Plate  B.  The 
upright  ftems  of  thefe  cranks  going  through  the 
Plate  Cy  carry  it  over  and  over  the  fixed  Plate  B, 
with  a motion  which  carries  the  Earth  t/round  the 
Sun  Ty  keeping  the  Earth’s  Axis  always  parallel 
to  itfelf,  or  ftill  inclining  toward  the  left  hand  of 
the  plate ; and  fliewing  the  viciffitudes  of  feafons 
as  defcribed  in  the  tenth  chapter.  • As  the  Earth 
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goes  round  the  Sun,  the  pinion  k goes  round  the 
wheel  /,  for  the  Axis  of  k never  touches  the  fixed 
Plate  By  but  turns  on  a wire  fixed  into  the  Plate  C. 

On  the  top  of  the  crank  G is  an  Index  Ly  which 
goes  round  the  Cir^cle  m 2 in  the  time  that  the 
Earth  goes  round  the  Sun,  and  points  to  the  days 
of  the  months;  which  together  with  the  names  of 
the  feafons,  are  marked  in  this  Circle. 

This  Index  has  a fmall  grooved  wheel  L fixed 
upon  it,  round  which,  and  the  Plate  Z,  goes  a cat- 
gut firing  crofling  between  them ; and  by  this 
means  the  Moon’s  inclined  Plane  T X,  with  its 
Nodes,  is  turned  backward,  for  ftiewing  the  times 
and  returns  of  Eclipfes,  § 310.  320. 

The  following  parts  of  this  machine  muft  be 
confidered  as  difiindt  from  thofe  alrtady  defcrib- 
ed. 

Toward  the  right  hand,  let  S be  the  Earth 
hung  on  the  wire  <?,  which  is  fixed  into  the  Plate 
and  let  O be  the  Moon  fixed  on  the  Axis  Af, 
and  turning  round  within  the  capP,  in  which,  and 
in  the  Plate  C,  the  crooked  wire  ^is  fixed.  On 
the  Axis  M is  alfo  fixed  the  Index  Ky  which  goes 
round  a Circle  b 2,  divided  into  29^  equal  parts, 
which  are  the  days  of  the  Moon’s  age : but  to 
avoid  confufion  in  the  fcheme,  it  is  only  marked 
with  the  numeral  figures  1234,  for  the  Quarters. 
As  the  crank  H carries  this  Moon  round  the  Earth 
S in  the  Orbit  r,  fhe  fhews  all  her  Phafes  by  means 
of  the  cap  P for  the  different  days  of  her  age, 
which  are  Ibewn  by  the  Index  K\  this  Index 
turning  ]ufi  as  the  Moon  0 does,  demonftrates 
her  turning  round  her  Axis,  as  ftie  fiill  keeps  the 
fam.e  fide  toward  the  Earth  3,  § 262. 

At  the  other  end  of  the  Plate  G,  a Moon  iVgoes 
round  an  Earth  Pin  the  Orbity>.  But  this  Moon’s 
Axis  is  fiuck  faft  into  the  Plate  C at  3 a,  lo  that 
neither  Moon  nor  Axis  can  turn  round;  and  as 
this  Moon  goes  round  her  Earth,  file  fiiews  herielf 
all  round  to  it;  which  proves,  that  if  the  Moon 

was 
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was  feen  all  round  from  the  Earth  in  a Lunation, 
fhe  could  not  turn  round  her  Axis. 

N.  B.  If  there  were  only  the  two  Wheels  D 
and  F,  with  a cat-gut  firing  over  them,  but  not 
crolTing  between  them,  the  Axis  of  the  Earth  U 
would  keep  its  Parallelifm  round  the  Sun  ^T,  and 
fhew  all  rhe  feafons ; as  I fometimes  make  thefe 
Machines;  and  the  Moon  O would  go  round  the 
Earth  Sy  Ihewing  her  Phafes  as  above  ; as  like- 
wife  would  the  Moon  N round  the  Earth  i?;  but 
then,  neither  could  the  diurnal  motion  of  the 
Earth  U on  its  Axis  be  fhewn,  nor  the  Motion  of 
the  Moon  V round  the  Earth. 

399.  In  the  year  1746  I contrived  a very  fimple  The  CAt- 
Machine,  and  defcril3ed  its  performance  in  a fmall 
Treatife  upon  the  Phenomena  of  the  Harveft- 
Moon,  publillied  in  the  year  1747.  I improved 
it  foon  after,  by  adding  another, wheel,  and  called 
it  Fhe  Calculator.  It  may  be  eafily  made  by  any 
Gentleman  who  has  a mechanical  Genius. 

The  great  flat  Ring  fupported  by  twelve  pillars,  *"vin  ^ 
and  on  which  the  twelve  Signs  with  their  refpedlive  Fig.i’. 
Degrees  are  laid  down,  is  the  Ecliptic;  nearly  in 
the  center  of  it  is  the  Sun  Sy  fupported  by  the  ftrong 
crooked  Wire  /;  and  from  the  Sun  proceeds  a 
Wire  Wy  called  the  Solar  Ray y pointing  toward  the 
center  of  the  Earth  E,  which  is  furnilhed  with  a 
moveable  Horizon  Hy  together  with  a brazen  Me- 
ridian, and  Quadrant  of  Altitude.  E is  a fmall 
Ecliptic,  whole  Plane  coincides  with  that  of  the 
great  one,  and  has  the  like  Signs  and  Degrees 
marked  upon  it ; and  is  fupported  by  two  Wires 
D and  D,  which  are  put  into  thePlate  PP,  but  may 
be  taken  off  at  pleafure.  As  the  Earth  goes  round 
the  Sun,  the  Signs  of  this  fmall  Circle  keep  paral- 
lel to  thennfelves,  and  to  thofe  of  the  great  Eclip- 
tic. When  it  is  taken  off,  and  the  folar  Ray  IVy 
drawn  farther  out,  ib  as  almoft  to  touch  the  Hori- 
zon Hy  or  the  Quadrant  of  Altitude,  the  Horizon 
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being  re£lified  toany  given  Latitude,  andtheEarth 
turned  round  its  Axis  by  hand,  the  point  of  the 
"Wire  ^fhcws  theSun’sDecl  ination  in  paffingover 
the  graduated  brafs  Meridian,  and  his  height  at 
any  given  time  upon  the  Quadrant  of  Altitude,  to- 
gether with  his  Azimuth,  or  point  of  bearing  up- 
on the  Horizon  at  that  time;  and  likewife  his  Am- 

?litude,  and  time  of  rifingand  fetting  by  the  Hour- 
ndex,  for  any  day  of  the  year  that  the  Annual-In- 
dex U points  to  in  the  Circle  of  Months  below  the 
Sun.  M is  a Solar-Index  or  Pointer  fupported  by 
the  wire  A,  which  is  fixed  into  the  knob  K:  the 
ufe  of  this  Index  is  to  fhew  the  Sun’s  place  in  the 
Ecliptic  every  day  in  the  year;  for  it  goes  over 
the  Signs  and  Degrees  as  the  Index  U goes  over 
the  Months  and  Days  ; or  rather,  as  they  pafs  un- 
der the  Index  U,  in  moving  the  cover-plate  with 
the  Earth  and  its  Furniture  round  the  Sun;  for 
the  Index  t/is  fixed  tight  on  the  immoveable  Axis 
in  the  Center  of  the  Machine.  K is  a knob  or 
handle  for  moving  the  Earth  round  the  Sun,  and 
the  Moon  round  the  Earth. 

As  the  Earth  is  carried  round  the  Sun,  its  Axis 
conftantly  keeps  the  fame  oblique  direction,  or 
parallel  to  itfelf,  § 48,  202,  (hewing  thereby  the  ^ 
different  lengths  of  days  and  nights  at  different 
times  of  the  year,  with  all  the  various  fealbns. 
And,  in  one  annual  revolution  of  the  Earth,  the 
Moon  M goes  124  times  round  it  from  Change  10  , 
Change,  having  an  occafional  provifion  for  drew'- 
ing  her  different  Fhafes.  The  lower  end  of  the 
Moon’s  Axis  bears  by  a fmall  fridion-wheel  upon 
the  inclined  Plane  T",  w'hich  caufes  the  Moon  to  ' 
fife  above  and  fink  below  the  Ecliptic  R in  every  , 
Lunation;  croffing  it  in  her  Nodes,  which  ihift  ; 
backward  through  all  the  Signs  and  Degrees  of  the  ; 
faid  Ecliptic,  by  the  retrograde  motion  of  the  in-  » 
dined  Plane  fT,  in  18  years  and  225  days.  On  s 
this  Plane  the  Degrees  and  Parts  of  the  Moon’s  J 
North  and  South  Latitude  are  laid  down  from  both  ? 
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the  Nodes,  one  of  which,  viz.  the  Defcending 
Node,  appears  at  o,  by  D iV  above  the  other 
Node  being  hid  from  Sight  on  this  Plane  by  the 
Plate  P Pi  and  from  both  Nodes,  at  proper  dif- 
tances,  as  in  the  other  Orrery,  the  limits  of  Eclip- 
fes  are  marked,  and  all  the  folar  and  lunar  Eclipfes 
are  fliewn  in  the  fame  manner,  for  any  given  year 
within  the  limits  of  6000,  either  before  or  after  the 
Chriftian  Mm.  On  the  plate  that  covers  thewheel- 
work,  under  the  Sun  6',  and  round  the  knob  , 

are  Aftronomical  Tables,  by  which  the  Machine 
maybe  reditied  to  the  beginning  of  any  given  year 
within  thefe  limits, in  threeorfourminutesoftimej 
and  when  once  fet  right,  may  be  turned  backward 
for  300  years  paft,  or  forward  for  as  many  to  come, 
without  requiring  any  new  reftification.  There  is 
a method  for  its  adding  up  the  29th  of  February 
every  fourth  year,  and  allowing  only  28  days  to 
that  month  for  every  other  three;  but  all  this  be- 
ing performed  by  a particular  manner  of  cutting 
the  teeth  of  the  Wheels,  and  dividing  the  Month- 
Circle,  too  long  and  intricate  to  be  defcribed  here, 

I (hall  only  (hew  how  thefe  motions  may  be  per- 
formed near  enough  for  common  ufe,  by- wheels 
with  grooves  and  cat-gut  ftrings  round  them;  only 
here  I muft  put  the  Operator  in  mind,  that  the 
grooves  are  to  be  made  (harp  (not  round)  bottom- 
ed, to  keep  the  ftrings  from  flipping. 

The  Moon’s  Axis  moves  up  and  down  in  the 
focket  iV  fixed  into  the  bar  O (which  carries  her 
round  the  Earth)  as  fhe  rifes  above  or  finks  below 
the  Ecliptic  ; and  immediately  below  the  inclined 
Plane  T is  a flat  circular  plate  (between  Y and  T ) 
pn  which  the  different  Eccentricities  of  the  Moon’s 
Orbit  are  laid  down  : and  likewife  her  mean  Ano- 
maly and  elliptic  Equation,  by  which  her  true 
Place  may  be  very  nearly  found  at  any  time.  Bc-^ 
low  this  Apogee-plate,  which  fhews  the  Anomaly, 

&c.  is  a Circle  T divided  into  29I  equal  parts, 

which 
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which  are  the  days  of  the  Moon’s  age  ; and  the 
forked  end  A of  the  Index  A B (Fig.  II.)  may  be 
put  into  the  Apogee-part  of  this  plate  ; there  be- 
ing juft  fuch  another  index  to  put  into  the  inclined 
Plane  T at  the  Afcending  Node:  and  then  the 
curved  points  B of  thefe  Indexes  Ihew  the  direft 
Motion  of  the  Apogee,  and  retrograde  Motion  of 
the  Nodes  through  the  Ecliptic  R,  with  their 
Places  in  it  at  any  given  time.  As  the  Moon  M 
goes  round  the  Earth  E,  (he  Ihews  her  Place  every 
day  in  the  Ecliptic  R,  and  the  lower  end  of  her 
Axis  Ihews  her  Latitude  and  Diftance  from  her 
Node  on  the  inclined  Plane  T,  alfo  her  Diftance 
from  her  Apogee  and  Perigee,  together  with  her 
mean  Anomaly,  the  then  Eccentricity  of  her  Or- 
bit, and  her  elliptic  Equation,  all  on  the  Apogee- 
plate,  and  the  Day  of  her  Age  in  the  Circle  T of 
equal  parts  j for  every  day  of  the  year  pointed 
out  by  the  Annualindext/in  the  Circleof  Months. 

Having  reftified  the  Machine  by  the  Tables  fo'r 
the  beginning  of  any  year,  move  the  Earth  and 
Moon  forward  by  the  Knob  K,  until  the  Annual 
Index  comes  to  any  given  day  of  the  month,  then 
ftop,  and  not  only  all  the  above  Phenomena  may 
be  Ihewn  for  that  day,  but  alfo,  by  turning  the 
Earth  round  its  Axis,  the  Declination,  Azimuth, 
Amplitude,  Altitude  of  the  Moon  at  any  hour, 
and  the  Times  of  her  rifing  and  fetiing,  are  Ihewn 
by  the  Horizon,  Quadrant  of  Altitude,  and  Hour- 
Index.  And  in  moving  the  Earth  round  the  Sun, 
the  days  of  all  the  New  and  Full  Moons  and  Eclip- 
fes  in  any  given  year  are  Ihewn.  The  Phenomena 
of  the  Harveft-Moon,  and  thofe  of  the' Tides,  by 
fuch  a cap  as  that  in  Plate  IX.  Fig.  lo.  put  upon 
the  Earth  and  Moon,  together  with  the  folution  of 
many  problems  not  here  related,  are  made  con- 
fpicLious, 

The  eafieft,  though  nocthe  beft  way,  that  I can 
inftiueft  any  mechanical  pe^lbn  to  make  the  wheel- 

work 
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work  of  fuch  a machine,  is  as  follows  : which  is 
the  way  that  I made  it,  before  I thought  of  num- 
bers exact  enough  to  make  it  worth  the  trouble  of 
cutting  teeth  in  the  wheels. 

Ficr.  3d  of  Plate  VIII.  is  a fe6tion  of  this  Ma-  plate 
chined  in  which  ABCD  is  a frame  of  wood  held  to- 
gether  by  four  pillars  at  the  corners  j two  of  which 
appear  at  AC  and  BD.  In  the  lower  Plate  CD 
of  this  frame  are  three  fmall  fri6Hon-wheels,  at 
equal  diftances  from  each  other;  two  of  them  ap- 
pearing at  e and  e.  As  the  frame  is  moved  rounds 
thefe  wheels  run  upon  the  fixed  bottom  Plate  E E, 
which  fupports  the  whole  work. 

In  the  center  of  this  laft-mentioned  Plate  is  fixed 
the  upright  Axis  GFFf,  and  on  the  fame  Axis  is 
fixed  the  Wheel  HHH,  in  which  are  four  Grooves, 

I,Xi  /^,L,  of  different  diameters.  In  thefe  Grooves 
are  cat-gut  firings  going  alfo  round  the  feparate 
Wheels  M,  N,  O,  and  P. 

The  Wheel  AZ  is  fixed  on  afolid  Spindle  or  Axis 
the  lower  pivot  of  which  turns  at  R in  the  under 
Plate  of  the  moveable  frame  AB  CD ; and  on  the 
upper  end  of  this  Axis  is  fixed  the  Plate  0 0 (which 
is  jP  P,  under  the  Earth,  in  Fig.  i.),  and  to  this 
Plate  is  fixed,  at  an  Angle  of  235  Degrees  incli-  * 
nation  ; the  Dial-plate  below  the  Earth  T ; on  the 
Axis  of  which,  the  Index  y is  turned  round  by  the 
Earth.  This  Axis,  together  with  the  Wheel  Af, 
and  Plateo(7;keep  their  Parallelifm  in  going  round 
the  Sun  S. 

On  the  Axis  of  the  Wheel  Af  is  a moveable 
focket,  on  which  the  fmall  wheel  N is  fixed,  and 
on  the  upper  end  of  this  focket  is  put  on  tight  (but 
lo  as  it  may  be  occafionally  turned  by  hand)  the 
bar  ZZ  (viz.  the  bar  O in  Fig.  i.)  which  carries 
the  Moon  m round  the  Earth  T,  by  the  focket 
fixed  into  the  bar.  As  the  Moon  gx^es  round  the 
Earth,  her  Axis  rifes  and  falls  in  the  focket  n be- 
caufe,  on  the  lower  end  of  her  Axis, which  is  turned 
inward,  there  is  a fmall  fridlion  Wheel  s runnina: 

on 
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on  the  inclined  PlaneZ(which  isfTinFig.  i.)  and 
io  caufes  the  Moon  alternately  to  rife  above  and 
fink  below  the  little  Ecliptic  VV {R  in  Fig.  i.)  in  . 
every  Lunation.  ’ 

On  the  focket  or  hollow  axis  of  the  Wheel  ~N 
there  is  another  focket,  on  which  the  Wheel  0 is 
fixed;  and  the  Moon’s  inclined  Plane  Z is  put 
tightly  on  the  upper  end  of  this  focket,  not  on  a 
fquare,  but  on  a round,  that  it  may  be  occafionally  < 
fet  by  hand  without  wrenching  the  Wheel  or  Axle. 

Laftly,  on  the  hollow  Axis  of  the  Wheel  0 is 
another  focket,  on  which  is  fixed  the  Wheel  P,  and  •' 
on  the  upper  end  of  this  focket  is  put  on  tightly 
the  Apogee-plate  T {that  immediately  belovT P in  ; 
Fig.  I.).  All  thele  Axles  turn  in  the  upper  Plate  - 
of  the  moveable  frame  at  which  Plate  is  co-  ; 
vered  with  the  thin  Plate  c c (Icrewed  to  it)  where-  ■ 
on  are  the  fore-mentioned  Tables  and  Month- 
Circle  in  Fig.  I.  j 

The  middle  part  of  the  thick  fixed  Wheel ///P//  j 
Is  much  broader  than  the  reft  of  it,  and  comes  out  1 
between  the  Wheels  Mand  O almoft  to  the  Wheel  | 
W.  To  adjuft  the  diameters  of  the  Grooves  of  this  1 
fixed  Wheel  to  the  Grooves  of  the  feparate  Wheels  ^ 
M,  N,  O,  and  P,  lo  as  they  may  perform  their  mo-  i 
tions  in  the  proper  times,  the  following  method  I 
muft  be  obferved.  i 

The  Groove  of  the  Wheel  M,  which  keeps  the  j 
Parallelifm  of  the  Earth’s  Axis,  muft  be  precifdy  ! 
of  the  lame  Diameter  as  the  lower  Groove  /of  the  I 
fixed  V/heel  HHH-,  but,  when  this  Groove  is  fo  I 
well  adjufted  as  to  fhew,  that  in  ever  fo  many  an-  I 
nual  revolutions  of  the  Earth,  its  Axis  keeps  its  ; 
Parallelifm,  as  may  be  obferved  by  the  folar  Ray 
W (Fig.  I.)  always  coming  precilely  to  the  fame 
Degree  of  the  fmall  Ecliptic  R at  the  end  of  every 
annual  revolution,  when  the  Index  M points  to  the 
like  Degree  in  the  great  Ecliptic;  then,  with  the  ^ 
edge  of  a thin  File,  give  the  Groove  of  the  Wheel 
M a fmall  rub  all  round,  and,  by  that  means  lef- 
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fenlng  the  Diameter  of  the  Grove  perhaps  about 
the  20th  part  of  a hair’s  breadth,  it  will  caufe  the 
Earth  to  ftiew  the  preceffion  of  the  Equinoxes  ; 
which,  in  many  annual  revolutions,  will  begin  to 
be  fenfible,  as  the  Earth’s  Axis  deviates  flowly  from 
its  Parallelifm,  § 246,  toward  the  antecedent  Signs 
of  the  Ecliptic. 

The  Diameter  of  the  Groove  of  the  Wheel  W, 
which  carries  the  Moon  round  the  Earth,  muft  be 
to  the  Diameter  of  the  Groove  X,  as  a Lunation 
is  to  a year,  that  is,  as  29!  to  365L 

The  Diameter  of  the  Groove  of  the  Wheel  O, 
which  turns  the  inclined  Plane  X with  the  Moon’s 
Nodes  backward,  muft  be  to  the  Diameter  of  the 
Groove  as  20  to  18^-^.  And, 

Laftly,  the  Diameter  of  the  Groove  of  the  Wheel 
P,  which  carries  the  Moon’s  Apogee  forward,  muft 
be  to  the  Diameter  of  the  Groove  Z-,  as  70  to  62. 

But  after  all  this  nice  adjuftment  of  the  Grooves 
to  theproportional  timesof theirrefpedtive  Wheels 
turning  round;  and  which  feems  to  promife  very 
well  in  Theory,  there  will  ftill  be  found  a necef- 
fity  of  a farther  adjuftment  by  hand  ; becaufe  pro- 
per allowance  muft  be  made  for  the  Diameters  of 
the  cat-gut  firings : and  the  Grooves  muft  be  fo 
adjufted  by  hand,  as,  that  in  the  time  the  Earth  is 
moved  once  round  the  Sun,  the  Moon  muft  per- 
form 1 2 fynodical  revolutions  round  the  Earth,  and 
be  almoft  1 1 days  old  in  her  13th  revolution.  The 
inclined  Plane  with  its  Nodes  muft  go  once  round 
backward  through  all  the  Signs  and  Degrees  of  the 
fmall  Ecliptic  in  1 8 annual  revolutions  of  the  Piarth, 
and  225  days  over.  And  the  Apogee-plate  muft 
go  once  round  forward,  fo  as  its  Index  may  go 
over  all  the  Signs  and  Degrees  of  the  fmall  Eclip- 
tic in  eight  years  (or  fo  many  annual  revolutions 
of  the  Earth)  and  312  days  over. 

W The  firing  which  goes  round  the  Grooves 
X and  A for  the  Moon’s  Motion  muft  crofs  be- 
tween thefe  wheels;  but  all  the  reft  of  the  firings 
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go  in  their  refpe6live  Grooves,  IM,  k O,  and  L P, 
without  croffing. 

4CO.  The  CoMETARiuM.  This  curious  Ma- 
chine fliews  the  Motion  of  a Comet,  or  eccentric 
Body,  moving  round  the  Sun,  defcribing  equal 
areas  in  equal  times,  § 152,  and  may  be  fo  contrived 
as  to  fhew  fuch  a Motion  for  any  Degree  of  Eccen- 
tricity. It  was  invented  by  the  late  Dr.  Desa- 

CULIERS. 

The  dark  elliptical  Groove  round  the  letters 
ahcdefghtklm  is  the  Orbit  of  the  Comet  T:  this 
Comet  is  carried  round  in  the  Groove,  according 
to  the  order  of  letters,  by  the  Wire  /infixed  in  the 
Sun  and  Aides  on  the  Wire  as  it  approaches 
nearer  to  or  recedes  farther  from  the  Sun,  being 
nearefl:  o'f  all  in  the  Perihelion  and  fartheft  in 
the  Aphelion  g.  The  areas  a S b S c,cSdy  &c. 
or  contents  of  thefefcveral  Triangles, are  all  equal : 
and  in  every  turn  of  the  Winch  N the  Comet  2''  is 
carried  over  one  of  thefe  areas  : confequcntly  in  as 
much  time  as  it  moves  from  /to  g,  or  from  g to 
it  moves  from  m to  or  from  a to  b-,  and  fo  of 
the  reA,  being  quickeft  of  all  at  and  floweft  at^. 
Thus,  the  Comet’s  velocity  in  its  Orbit  continually 
decrcafes  from  the  Perihelion  a to  the  Aphelion  g ; 
and  increafes  in  the  fame  proportion  from^  to  a. 

Theclliptic  Orbit  is  divided  into  laequal  Parts 
or  Signs,  with  their  refpe6tive  degrees,  and  fo  is 
the  Circle  n op  qr  s t n,  which  reprefents  a great 
Circle  in  the  Heavens,  and  to  which  the  Comet’s 
motion  is  referred  by  a fmall  knob  on  the  point  of 
the  Wire  TV,  While  the  Comet  moves  from  ftog 
in  its  Orbit,  it  appears  to  move  only  about  five 
degrees  in  thisCircle,as  is  fhewn  by  the  fmall  knob 
on  the  end  of  the  Wire  W-,  but  in  the  like  time, 
as  the  Comet  moves  from  m to  /?,  or  from  a to  h, 
it  appears  to  defcribe  the  large  fpace  tn  or  n o\n 
the  Heavens,  either  of  which  fpaces  contains  120 
Detyrees.  or  four  Signs.  Were  the  Eccentricity 
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of  its  Orbit  greater,  the  greater  fiill  would  be  the 
difference  of  its  motion,  and  vice  verjd. 

ABCDEFGliUiLMA  is  a circular  Orbit  for 
fliewing  the  equal  Motion  of  a body  round  the 
Sun  5,  deferibing  equal  Areas  ASBy  BS C,  &c.  in 
equal  times  with  chofe  of  the  Body  T\n  its  elliptical 
Orbit  above-mentioned  ; but  with  this  difference, 
that  the  circular  motion  deferibes  the  equal  Arcs 
AByBCy  &c.  in  the  fame  equal  times  that  the, ellip- 
tical Motion deferi bes  the  unequal  Arcs  abybCy &c. 

Now,  fuppofe  the  two  Bodies  T and  i to  ftart 
from  the  Points  a and  A at  the  fame  moment  of 
time,  and  each  having  gone  round  its  refpeeffive 
Orbit,  to  arrive  at  thefe  Points  again  at  the  fame 
inftant,  the  Bcdy  T will  be  forwarder  in  its  Orbit 
than  the  Body  1 all  the  way  from  a to^,  and  fro^m 
yf  to  G;  but  I will  be  forwarder  than  Y through 
all  the  other  half  of  the  Orbit ; and  the  difference 
is  equal  to  the  Equation  of  the  Body  Tin  its  Or- 
bit. At  the  points  a,  A,  and^,  G,  that  is,  in  the 
Perihelion  and  Aphelion,  they  will  be  equal  j and 
then  the  Equation  vaniflies.  This  fliews  why  the 
Equation  of  a body  moving  in  an  elliptic  Orbit,  is 
added  to  the  mean  or  fuppofed  circular  Motion 
from  the  Perihelion  to  the  Aphelion,  and  fub- 
tra£led  from  the  Aphelion  to  the  Perihelion,  in 
Bodies  moving  round  the  Sun,  or  from  the  Peri- 
gee to  the  Apogee,  and  from  the  Apogee  to  the 
Perigee  in  the  Moon’s  Motion  round  the  Earth, 
according  to  the  Precepts  in  the  353d  Article; 
only  we  are  to  confider,  that  when  Motion  is 
turned  into  Time,  it  reverfes  the  titles  in  the 
d able  of  The  Moon's  elliptic  Equation. 

This  Motion  is  performed  in  thefollowing  man- 
ner by  the  machine.  y/5  C is  a wooden  bar  (in 
the  box  containing  the  wheel-work)  above  which 
are  the  Wheels  Z)and  E ; and  below  it  the  elliptic 
Plates  FF  and  GG-,  each  Plate  being  fixed  on  an 
Axis  in  one  of  its  Focufes,  at  E and  K-,  and  the 
Wdieel  E is  fixed  on  the  fame  Axis  v/ith  the  Plate 
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F F.  Thefe  Plates  have  Grooves  round  their 
edges  precifely  of  equal  diameters  to  one  another, 
and  in  thefe  Grooves  is  the  cat-gut  firing  gg,  gg 
eroding  between  the  Plates  at  b.  On  H (the 
Axis  of  the  handle  or  winch  A/'in  Fig.  4th),  is  an 
' endlefs  ferew  in  Fig.  5,  working  in  the  Wheels 
D and  £,  whofe  numbers  of  teeth  being  equal, 
and  fhould  be  equal  to  the  number  of  lines  ^.9, 
c.V,  &c.  in  Fig.  4,  they  turn  round  their  Axes  in 
equal  times  to  one  another,  and  to  the  Motion  of 
the  elliptic  Plates.  For,  the  Wheels  Z)  and  E 
having  equal  numbers  of  teeth,  the  Plate  F F, 
being  fixed  on  the  fame  Axis  with  the  Wheel  A, 
and  the  Plate  AAturning  the  equally  bigPlateGG 
by  a cat-gut  firing  round  them  both,  they  mufl  all 
go  round  their  Axes  in  as  many  turns  of  the  han- 
dle N as  either  of  the  Wheels  has  teeth. 

It  is  eafy  to  fee,  that  .the  end  h of  the  elliptical 
Plate  F F being  farther  from  its  Axis  E than  the 
oppofite  end  i is,  mufl  deferibe  a Circle  fo  much 
the  larger  in  proportion  ; and  mufl  therefore  move 
through  fo  much  more  fpace  in  the  fame  timej  and 
for  that  reafon  the  end moves  fo  much  fafler  than 
the  end  /,  although  it  goes  no  fooner  round  the 
Center  E.  But  then,  the  quick  moving  end  h of 
the  Plate  FF  leads  about  the  fhort  end  h K of  the 
Place  G G with  the  fame  velocity ; and  the  flow 
moving  end  i of  the  Plate  A A coming  half  round, 
as  to  A,  mufl  then  lead  the  long  end  k of  the  Plate 
GG  as  flowly  about;  So  that  the  elliptical  Plate 
A A and  its  Axis  E move  uniformly  and  equally 
quick  in  every  part  of  its  revolution  j but  the 
elliptical  Plate  GG,  together  with  its  Axis  K,  mull 
move  very  unequally  in  different  parts  of  its  revo- 
lution : the  difference  being  always  inverfely  as  the 
diflanceof  any  points  of  the  Circumference  of  GG 
from  its  Axis  at  A;  or  in  other  words,  to  in- 
flance  in  two  points,  if  the  diftance  K k ht  four, 
five,  or  fix  times  as  great  as  the  diftance  K h,  the 
Point  h will  move  in  that  pofition  four,  five,  or  fix 

times 


improved  Celestial  Globe  dejcrihed,  417 

times  as  faft  as  the  point  k does  : when  the  Plate 
GG  has  gone  half  round  : and  fo  on  for  any  other 
Eccentricity  or  Difference  of  the  Diftances  and 

K h.  The  tooth  i on  the  Plate  FF  falls  in  between 
the  two  teeth  at  k on  the  Plate  G G^  by  which 
means  the  revolution  of  the  latter  is  fo  adjufted  to 
that  of  the  former,  that  they  can  never  vary  from 
one  another. 

On  the  top  of  the  Axis  of  ^e  equally  moving 
Wheel  D,  in  Fig.  5th,  is  the  Sun  S in  Fig,  4th; 
which  Sun,  by  the  Wire  Z fixed  to  it,  carries  the 
Ball  I round  the  Circle  .^5  CD,  &c.  with  an  equa-^ 
ble  Motion,  according  to  the  order  of  the  letters  ; 
and  on  the  top  of  the  Axis  K of  the  unequally 
moving  Ellipfis  G G,  in  Fig.  5th,  is  the  Sun  S in 
Fig.  4th,  carrying  the  Ball  T unequally  round  in 
the  elliptical  Groove  abcd^  &c.  N.  B.  This 
elliptical  Groove  muft  be  precifely  equal  and  fimi^ 
lar  to  the  verge  of  the  Plate  CC,  which  is  alfo 
equal  to  that  of  F F. 

In  this  manner  Machines  may  be  made  toihevv 
the  true  Motion  of  the  Moon  about  the  Earth,  or 
of  any  Planet  about  the  Sun ; by  making  the  ellip- 
tical Plates  of  the  fame  Eccentricities,  in  propor-* 
tion  to  the  Radius,  as  the  Orbits  of  the  Planets  are 
whofe  Motions  they  reprefentj  and  fo,  their  difi- 
ferent  Equations,  in  different  parts  of  their  Orbits, 
may  be  made  plain  to  the  fight : and  clearer  ideas 
of  thefe  Motions  and  Equations  will  be  acquired  in 
half  an  hour,  than  could  be  gained  from  reading 
half  a day  about  them, 

401.  The  Improved  Celestial  Globe.  On  The 
the  North  Pole  of  the  Axis,  above  the  Hour-Circle 
IS  fixed  an  Arch  of  23 « Degrees  ; and  at 

the  end  H is  fixed  an  uptight  pin  //C,  which 
itands  diredllyover  the  North  Pole  of  theb'cliutic, 
and  perpendicular  to  that  part  of  the  furface  of  the 
lobe.  On  this  pin. are  two  moveable  Collets  at  plate 
^ and  7-7,  to  which  are  fixed  the  quadrantal  Wires 
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iVand  O,  having  two  little  Balls  on  their  ends  for  the 
'Sun  and  Moon,  as  in  the  Figure.  The  Collet  D is 
fixed  to  the  circular  Plate  F,  on  which  the  29^ 
days  of  the  Moon’s  age  are  engraven,  beginning 
juft  under  the  Sun’s  Wire  N : artd  as  this  Wire  is 
moved  round  the  Globe,  the  Plate  F turns  round 
with  it.  Thefe  Wires  are  eafily  turned,  if  the 
ferew  G be  flackened  j and  when  they  are  fet  to 
their  proper  places,  the  ferew  ferves  to  fix  them 
there*,  fo  that  when  the  Globe  is  turned,  the  Wires 
with  the  Sun  and  Moon  may  go  round  with  it; 
and  thefe  two  little  Balls  rife  and  fet  at  the  fame 
times,  and  on  the  fame  points  of  the  Horizon, 
for  the  day  to  which  they  are  rectified,  as  the  Sun 
and  Moon  do  in  the  Heavens. 

Becaufe  the  Moon  keeps  not  her  courfe  in  the 
Ecliptic  (as  the  Sun  appears  to  do),  but  has  a De- 
clination of  5^  Degrees,  on  each  fide,  from  it  in 
every  Lunation,  §317,  her  Ball  may  be  ferewed 
as  many  degrees  to  either  fide  of  the  Ecliptic  as 
her  Latitude,  or  Declination  from  the  Ecliptic, 
amounts  to,  at  any  given  time  : and  for  this  pur- 
pofe  5 is  a fmall  piece  of  pafteboard,  of  which  the 
curved  edge  at  5 is  to  be  fet  upon  the  Globe,  at 
right  Angles  to  the  Ecliptic,  and  the  dark  line  over 
5 to  ftand  upright  upon  it.  From  this  line,  on 
the  convex  edge,  are  drawn  the  54.  Degrees  of  the 
Moon’s  Latitude  on  both  fides  of  the  Ecliptic ; 
and  when  this  piece  is  fet  upright  on  the  Globe, 
its  graduated  edge  reaches  to  the  Moon  on  the 
Wire  0,  by  which  means  fhc  is  eafily  adjufted  to 
her  Latitude  found  by  an  Ephemeris. 

The  Horizon  is  fupported  by  two  femicircular 
Arches,  becaufe  Pillars  would  ftop  the  progrefs 
of  the  Balls,  when  they  go  below  the  Horizon  in 
an  oblique  fphere. 

^0  verify  this  Globe.  Elevate  the  Pole  to  the 
Latitude  of  the  Place;  then  bring  the  Sun’s  place 
in  the  Ecliptic  for  the  given  day  to  the  brafs 

Meridian,  and  fet  the  Hour-Index  to  XII  at  noon, 
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that  is,  to  the  upper  XII  on  the  Hour-Circle, 
keeping  the  Globe  io.  that  fituation  j flacken  the  - 
fcrew  G,  and  fet  the  Sun  diredly  over  his  place  on 
the  Meridian  j which  being  done,  fet  the  Moon’s 
Wire  under  the  number  that  exprelTes  her  age  for 
that  day  on  the  Plate  F,  and  fhe  will  then  Hand 
over  her  place  in  the  Ecliptic,  and  Ihew  what  Con- 
ftellation  Ihe  is  in.  Laftly,  fallen  the  fcrew  G,  and 
laying  the  curved  edge  of  the  pafteboard  S over 
the  Ecliptic,  below  the  Moon,  adjuft  the  Moon  to 
her  Latitude  over  the  graduated  edge  of  the  pafte- 
board ; and  the  Globe  will  be  redlified. 

Having  thusredlified  the  Globe,  turn  it  round, 
and  obferve  on  what  points  of  the  Horizon  the 
Sun  and  Moon  Balls  rife  and  fet,  for  thefe  agree 
with  the  points  of  the  Compafs  on  which  the  Sun 
and  Moon  rife  and  fet  in  the  Heavens  on  the  given 
day:  and  the  Hour-Index  Ihews  the  times  of 
their  riling  and  fetting  ; and  likewife  the  time  of 
the  Moon’s  palfing  over  the  Meridian. 

This  fimple  Apparatus  Ihews  all  the  varieties 
that  can  happen  in  the  rifing  and  fetting  of  the 
Sun  and  Moon  ; and  makes  the  foremcntioned 
Phenomena  of  the  Harveft-Moon  (Chap,  xvi.) 
plain  to  the  eye.  It  is  alfo  very  ufeful  in  reading 
Ledlurcs  on  the  Globes,  becaufe  a large  company 
can  fee  this  Sun  and  Moon  go  round  riling  above 
and  fetting  below  the  Horizon  at  different  times, 
according  to  the  feafons  of  the  year;  and  makino- 
their  appulfesto  different  fixed  Stars.  But  in  the 
ufual  way,  where  there  is  only  the  places  of  the 
Sun  and  Moon  in  the  Ecliptic  to  keep  the  eye 
upon,  they  are  eafily  loft  fight  of,  unlefs  they  be 
covered  with  patches. 

402.  The  Planetary  Globes.  In  this  Ma-  The  PtA. 
chine,  2"  is  a terreftrial  Globe  fixed  on  its  Axis 
Handing  upright  on  the  Pedeftal  CDF,  on  which  viir. 
IS  an  Hour-Circle,  having  its  Index  fixed  on  the 
Axis,  which  turns  fomewhat  tightly  in  the  Pedeftal 
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fo  that  the  Globe  may  not  be  liable  to  fliake;  to 
prevent  which,  the  Pedeftal  is  about  two  Inches 
thick,  and  the  Axis  goes  quite  through  it,  bearing 
on  a (houlder.  The  Globe  is  hung  in  a graduated 
brazen  Meridian,  much  in  the  ufual  wayj  and  the 
thin  Plate  iV,  iV£,  E is  a moveable  Horizon,  gra- 
duated round  the  outer  edge,  for  (hewing  the  Bear- 
ings and  Amplitudes  of  the  Sun,  Moon,  and  Pla- 
nets. The  brazen  Meridian  is  grooved  round  the 
outer  edge;  and  in  this  Groove  is  a flender  femi- 
circleof  brafs,  the  ends  of  which  are  fixed  to  the  . 
Horizon  in  its  North  and  South  Points ; this  femi- 
circle  Aides  in  the  Groove  as  the  Horizon  is  moved 
in  redtifying  it  for  different  Latitudes.  To  the 
middle  of  the  femi-circle  is  fixed  a Pin,  which  al- 
ways keeps  in  the  Zenith  of  the  Horizon,  and  on 
this  Pin,  the  Quadrant  of  Altitude  q turns ; the 
lower  end  of  which,  in  all  pofitions,  touches  the 
Horizon  as  it  is  moved  round  the  fame.  This 
Quadrant  is  divided  into  90  Degrees  from  the  Ho- 
rizon to  the  Zenithal  Pin  on  which  it  is  turned,  at 
90.  The  great  flat  Circle  or  Plate  AB  is  the  Eclip- 
tic, on  the  outer  edge  of  which  the  Signs  and  De- 
grees are  laid  down;  and  every  fifth  Degree  is 
drawn  through  the  reft  of  the  furface  of  this  Plate 
towards  its  Center.  On  this  Plate  are  feven 
Grooves,  towhich  feven  little  Balls  are  adjufted  by 
Aiding  Wires,  fo  that  they  are  eafily  moved  in  the  . 
Grooves,  without  danger  of  ftarting  out  of  them. 
The  Ball  next  the  terreftrial  Globe  is  the  Moon, 
the  next  without  it  is  Mercury,  the  next  Venus, 
the  next  the  Sun,  then  Mars-,  then  Jupiter,  and 
laftly  Saturn;  and  in  order  to  know  them,  they 
are  leperatelyftampt  with thefollowingCharadters; 

?>  9 i O , S f V- , h • This  Plate  orEcliptic  is  • 
fupported  by  four  ftrong  Wires,  having  their  lower 
ends  fixed  into  the  Pedeftal,  at  C,  Z),  and  E,  the  > 
fourth  being  hid  by  the  Globe.  The  Ecliptic  is 
inclined  2ji  Degrees  to  the  Pedeftal,  and  is  there-  , 
10 
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fore  properly  inclined  to  the  Axis  of  the  Globe 
which  Hands  upright  on  thePedeftal. 

2c  rectify  this  Machine.  Set  the  Sun,  and  all  the 
Planetary  Balls,  to  their  geocentric  places  in  the 
Ecliptic  for  any  given  time,  by  an  Ephemeris ; 
then  fet  the  North  Point  of  the  Horizon  to  the 
Latitude  of  your  place  on  the  brazen  Meridian, 
and  the  Quadrant  of  Altitude  to  the  South  Point 
of  the  Horizon ; which  done,  turn  the  Globe  with 
its  Furniture  till  the  Quadrant  of  Altitude  comes 
right  againft  the  Sun,  viz.  to  his  place  in  the  Eclip- 
ticj  and  keeping  it  there,  fet  the  Hour-Index  to 
the  XII  next  the  letter  Cj  and  the  Machine  will 
be  redified,  not  only  for  the  following  Problems, 
but  forfeveral  others,  which  the  Artiftmay  eafily 
find  out.  ^ 

y • 

PROBLEM  I. 

To  find  the  Amplitudes^  Meridian  Altitudes,  and ' 
times  of  rifing,  culminating,  and  fettinr.  of  the 
Sun,  Moon,  and  Planets, 


TOrn  the  Globe  round  eaftward,  or  according  luufc 
to  the  order  of  the  Signs ; and  when  the  eaftern 
edge  of  the  Horizon  comes  right  againft  the  Sun. 
Moon,  or  any  Planet,  the  Hour-Index  will  Ihew 
me  time  of  its  rifing  j and  the  inner  edge  of  the 
Eclipacwillcut  its  rifing  Amplitude  in  the  Hori- 
zon. 1 urn  on,  and  when  the  Quadrantof  Altitude 

comes  right  againft  the  Sun,  Moon,  or  any  Planet 
the  Ecliptic  will  cut  their  Meridian  Altitudes  on 
he  Quadrant,  and  the  Hour-Index  will  ihew  the 
times  of  their  coming  to  the  Meridian.  Continue 
turning,  and  when  the  iVeftcrn  edgeof  the  Hor  zon 
comes  right  againft  the  Sun,  Moon,  or  any  Planet 

,v  m p' I’"  on  the  Horizon 
hJ  n,  ^ ^ times  of  their  fetting  will 

be  Ihewn  by  the  Index  on  the  Hour-Circle. 


PRO- 
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PROBLEM  II. 

To  find  the  Altitude  and  Azimuth  of  the  Sun,  Moon, 
and  Planets,  at  any  time  of  their  being  above  the 
Horizon. 

Turn  the  Globe  till  the  Index  comes  to  the 
given  time  in  the  Hour-Circle ; then  keep  the 
Globe  fteady,  and  moving  the  Quadrant  of  Alti- 
tude to  each  Planet  refpeftively,  the  edge  of  the 
Ecliptic  will  cut  the  Planet’s  mean  Altitude  on  the 
Quadrant,  and  the  Quadrant  will  cut  the  Planet’s 
Azimuth,  or  Point  m bearing  on  the  Horizon. 

PROBLEM  III. 

The  Sun^s  Altitude  being  given  at  any  time  either  be- 
fore or  after  Noon,  to  find  the  Hour  of  the  Day, 
and  the  Variation  of  the  Compafs,  in  any  known 
Latitude. 

With  one  hand  hold  th§  edge  of  the  Quadrant 
right  againft  the  Sun  ; and,  with  the  other  hand, 
turn  the  Globe  weftward,  if  it  be  in  the  forenoon, 
or  eaftward  if  it  be  in  the  afternoon,  until  the 
Sun’s  place  at  the  inner  edge  of  the  Ecliptic  cuts 
the  Quadrant  in  the  Sun’s  obferved  Altitude ; and 
then  the  Hour-Index  will  point  out  the  time  of 
the  day,  and  the  Quadrant  will  cut  the  true  Azi- 
muth, or  Bearing  of  the  Sun  for  that  time  : the 
difference  between  which,  and  the  Bearing  (hewn 
by  the  Azimuth  Compafs,  is  the  Variation  of 
the  Compafs  in  that  place  of  the  Earth. 

403.  The  Trajectorium  Lunare.  This  Ma- 
chine is  for  delineating  the  Paths  of  the  Earth  and 
Moon,  (hewing  what  lort  of  Curves  they  make  in 

the  ethereal  regions  i and  was  juft  mentioned  in 

the 
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the  266th  Article.  S is  the  Sun,  and  E the  Earth, 
whofe  Centers  are  81  Inches  diftant  from  each  Fig.r. 
other  i every  Inch  anfwering  to  a Million  of  Miles, 

§ 47.  Af  is  the  Moon,  whofe  Center  is  -rVs-  parts 
of  an  Inch  from  the  Earth’s  in  this  Machine,  this 
beint^  in  juft  proportion  to  the  Moon’s  diftance 
from*^ the  Earth,  § 5^.  AA\%2,  Bar  of  Wood,  to 

be  moved  by  hand  round  the  Axis|-,  which  is  fixed 
in  the  Wheel  T,  The  Circumference  of  this 
Wheel  is  to  the  Circumference  of  the  fmall  Wheel 
i (below  the  other  end  of  the  Bar)  as  365^  days 
is  to  29I  ; or  as  a Year  is  to  a Lunation.  The 
Wheels  are  grooved  round  their  edges,  and  in  the 
Grooves  is  the  cat-gut  firing  G G crofling  between 
the  Wheels  at  X.  On  the  Axis  of  the  Wheel  L> 
is  the  Index  Fi  in  which  is  fixed  the  Moon’s  Axis 
M for  carrying  her  round  the  Earth  E (fixed  on 
the  Axis  of  the  Wheel  in  the  time  that  the  In- 
dex goes  round  a Circle  of  29I  equal  parts,  which 
are  the  Days  of  the  Moon’s  age.  The  Wheel  T 
has  the  Months  and  Days  of  the  year  all  round  its 
Limbj  and  in  the  Bar  AA  is  fixed  the  Index  /, 
which  points  out  the  Days  of  the  Months  anfwer- 
ing to  the  Days  of  the  Moon’s  age,  Ihewn  by  the 
Index  Fy  in  the  Circle  of  29^  equal  parts  at  the 
other  end  of  the  Bar.  On  the  Axis  of  the  Wheel 
L is  put  the  piece  D,  below  the  Cock  C,  in  which 
this  Axis  turns  round  j and  in  D are  put  the  Pen- 
cils e and  my  direftly  under  the  Earth  E and  Moon 
M-,  fo  that  m is  carried  round  <?,  as  M is  round  E. 

Lay  the  Machine  on  an  even  floor,  preffing  gently  itsufe. 
on  the  Wheel  Ty  to  caufe  its  fpiked  feet  (of  which 
two  appear  at  P and  P,  the  third  being  fuppofed 
to  be  hid  from  fight  by  the  Wheel)  to  enter  a little 
into  the  Floor,  to  fegure  the  Wheel  from  turnino-. 

Then  lay  a paper  about  four  feet  long  under  the 
Pencils  <?  and  w,  crofs-wife  to  the  Bar : which  done, 
move  the  Bar  flowly  round  the  Axis  g of  the  Wheel 
Ti  and,  as  the  Earth  E goes  round  the  Sun  6',  the 
Moon  M will  go  round  the  Earth  with  a duly  pro- 
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portioned  velocity  5 and  the  friftion  Wheel  W 
running  on  the  floor,  will  keep  the  Bar  from 
bearing  too  heavily  on  the  Pencils  e and  »j,  which 
will  delineate  the  Paths  of  the  Earth  and  Moon,  as 
in  Fig.  2d,  already  defcribed  at  large,  § 266,  267. 
As  the  Index  I points  out  the  Days  of  the  Months, 
the  Index  Alhews  the  Moon’s  age  on  thel'e  Days, 
in  the  Circle  of  29^  equal  parts.  And  as  this  laft 
Index  points  to  the  different  days,,  in  its  Circle, 
the  like  numeral  Figures  may  be  fet  to  thofc  parts 
of  the  curves  of  the  Earth’s  Path  and  Moon’s, 
where  the  Pencils  e and  m are  at  thofe  times  re- 
fpeftively,  to  Ihew  the  Places  of  the  Earth  and 
Moon.  If  the  Pencil  e be  pufhed  a very  little  off, 
as  if  from  the  Pencil  w,  to  about  do  part  of  their 
diftance,  and  the  Pencil  m pufhed  as  much  toward 
e to  bring  them  to  the  fame  diftance  again,  though 
not  to  the  fame  points  of  fpace;  then,  as  m goes 
round  e,  e will  go  as  it  were  round  the  Center  of 
Gravity  between  the  Earth  e and  Moon  »/,  § 29S  : 
but  this  motion  will  not  fenfibly  alter  the  Figure 
pf  the  Earth’s  Path  or  the  Moon’s. 

If  a Pin,  as  p,  be  put  through  the  Pencil  my 
with  its  head  toward  that  of  the  Pin  q in  the  Pen- 
cil (?,  the  head  of  the  former  will  always  keep  to 
the  head  of  the  latter  as  m goes  round  e,  and 
Ihews  that  the  fame  fide  of  the  Moon  is  continu- 
ally turned  to  the  Earth.  But  the  Pin  p,  which 
may  be  confidered  as  an  equatorialDiameter  of  the 
Moon,  will  turn  quite  round  the  point  mak- 
ing all  poftible  Angles  with  the  Line  of  its  Pro- 
grcfs,  or  Line  of  the  Moon’s  Path.  This  is  an 
pcular  proof  of  the  Moon’s  turning  round  her  Axis. 

ThcTiDE-  ^04.  The  Tide-Dial.  The  outfide  parts  of 
^PLATE  Machine  confiftof,  i.  An  eigiit-fided  Box,  on 
IX.  the  top  of  which  at  the  corners  is  fliewn  the  Phafes 

Fie*  Qf  tiie  Moon  at  the  Octants,  Qiiarters,  and  Full. 

Within  thefe  is  a Circle  of  29! -equal  parts,  which 
are  the  days  of  the  Moon’s  age  accounted  from  the 
Sun  at  New  Moon,  round  to  theSun  again.  Within 

this 
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this  Circle  is  one  of  24  hours  divided  into  their  re- 
fpeftive  Halves  and  Quarters.  2.  A moving  el- 
liptical Plate,  painted  Blue,  to  reprefent  the  rifing 
of  the  Tides  under  and  oppofite  to  the  Moon  ; 
and  has  the  words,  High  IVater,  Tide  fallings  Low 
Watery  Tide  rijing,  marked  upon  it.  To  one  end 
of  this  Plate  is  fixed  the  Moon  M by  the  Wire 
and  goes  along  with  it.  3.  Above  this  elliptical 
Plate  is  a round  one,  with  the  points  of  the  Com- 
pafs  upon  it,  and  alfothe  names  of  above  200  places 
in  the  large  Machine  (but  only  32  in  the  Figure, 
to  avoid  confufion)  fet  over  thofe  Points  on  which 
the  Moon  bears  when  flie  raifes  the  Tides  to  the 
greateft  heights  at  thefe  Places  twice  in  every  lunar 
day  : and  to  the  North  and  South  Points  of  this 
Plate  are  fixed  two  Indexes,  /and  K,  which  fhew  the 
times  of  High  Water,  in  the  Hour-Circle,  at  all 
thefe  places.  4.  Below  the  elliptical  Plate  are  four 
fmall  Plates,  two  of  which  projedout  from  below 
its  ends  at  New  and  Full  Moon  j and  fo,  by  length- 
ening the  Ellipfe,  fhew  the  Spring  Tides,  which 
are  then  raifed  to  the  greateft  heights  by  the  united 
attradions  of  the  Sun  and  Moon,  §302.  The 
other  two  of  thefe  fmall  Plates  appear  at  low  water 
when  the  Moon  is  in  her  Quadratures,  or  at  the 
fides  of  theelliptical  Plate, to  fhewtheNeap-Tides ; 
the  Sun  and  Moon  then  ading  crofs-wife  to  each 
other.  When  any  two  of  thefe  fmall  Plates  appear, 
the  other  two  are  hid  ; and  when  the  Moon  is  in 
her  Odants,  they.ali  difappear,  there  being  neither 
Spring  nor  Neap-Tides  at  thofe  times.  Within 
the  Box  are  a few  Wheels  for  performino-  thefe 
Motions  by  the  Handle  or  Winch  H..  ^ 

Furn  the  Idandle  until  the  INdoon  A/  comes  to 
any  given  day  of  her  age  in  the  Circle  0/294  equal 
parts,  and  the  Moon’s  Wire  W will  cut  the  time 
of  her  coming  to  the  Meridian  on  that  day,  in  the 
Hour-Circle;  thcX.II  under  the  Sun  being IVIid- 
day,  and  the  oppofiteXII  Midnight;  then  lodkino- 
for  the  name  of  any  given  place  on  the  round  Plate 

(which 
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(which  makes  29!  rotations  while  the  Moon  M 
makes  only  one  revolution  from  the  Sun  to  the 
Sun  again)  turn  the  Handle  till  that  place  comes 
to  the  word  High  JVater  under  the  Moon,  and  the 
Index  which  falls  among  the  Forenoon  Hours  will 
fhew  the  time  of  High  Water  at  that  place  in  the 
Forenoon  of  the  given  day  : then  turn  the  Plate 
half  round,  till  the  fame  place  comes  to  the  oppo- 
fite  High  Water  Mark,  and  the  Index  will  fhew 
the  time  of  High  Water  in  the  Afternoon  at  that 
place.  And  thus,  as  all  the  different  places  come 
fucceffively  under  and  oppofite  to  the  Moon,  the 
Indexes  Ihew  the  times  of  High  Water  at  them  in 
both  parts  of  the  day  : and  when  the  fame  places 
come  to  the  Low  Water  Marks,  the  Indexes  Ihew 
the  times  of  Low  Water.  For  about  three  days 
before  and  after  the  rimes  of  New  and  Full  Moon, 
the  two  fmall  Plates  come  out  a little  way  from 
below  the  High  Water  Marks  on  the  elliptical 
Plate,  to  fhew  that  the  Tides  rife  ftill  higher  about 
thefe  times  : and  about  the  Quarters,  the  other 
two  Plates  come  out  a little  from  under  the  Low 
Water  Marks  toward  the  Sun  and  on  the  oppofite 
fide,  (hewing  that  the  Tides  of  Flood  rife  not  then 
fo  high,  nor  do  the  Tides  of  Ebb  fall  fo  low,  as 
at  other  times. 

By  pulling  the  Handle  a little  way  outward,  it 
is  difengaged  from  the  Wheel-work,  and  then  the 
upper  Plate  may  be  turned  round  quickly  by  hand^ 
fo  as  the  Moon  may  be  brought  to  any  given  day 
of  her  age  in  about  a quarter  of  a minute  : and  by 
puffing  in  the  Handle,  ittakes  hold  of  the  Wheel- 
work  again. 

On  ABy  the  Axis  of  the  Handle  Hy  is  an  endlefs 
Screw  Cy  which  turns  the  wheel  FED  of  24  teeth 
round  in  24  revolutions  of  the  Handle  : this  Wheel 
turns  another,  ONG,  of  48  teeth,  and  on  its  Axis 
is  the  Pinion  P^of  four  leaves,  which  turns  the 
Wheel  Pile/ of  59  teeth  round  in  29^  turnings  or  . 
rotations  of  the  Wheel  F EDy  or  in  708  revolu-  j 
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lions  of  the  Handle,  which  is  the  number  of  Hours 
in  a fynodical  revolution  of  the  Moon.  The  round 
Plate  with  the  names  of  Places  upon  it  is  fixed  on 
the  Axis  of  the  Wheel  FEDi  and  the  Elliptical 
or  Tide-Plate  with  the  Moon  fixed  to  it  is  upon 
the  Axis  of  the  Wheel  L A:/}  confequently,  the 
former  makes  294^  revolutions  in  the  time  that  the 
latter  makes  one.  The  whole  Wheel  F E D, 
with  the  endlefs  Screw  C,  and  dotted  part  of  the 
Axis  of  the  Handle  JBy  together  with  the  dotted 
part  of  the  Wheel  0 N Gy  lie  hid  below  the  large 
Wheel  LKI. 

Fig.  IXth  reprefents  the  under  fide  of  the  El- 
liptical or  Tide^Plate  abcdj  with  the  four  fmall 
Plates  EFGH,  IKLMy  NOP^  upon 

it:  each  of  which  has  two  flits,  as  TTy  SS,  RPy 
UUy  Aiding  on  two  Pins,  as  fixed  in  the  El- 
liptical Plate.  In  the  four  fmall  Plates  are  fixed 
four  Pins,  at  Wy  X,  Ty  and  Zj  all  of  which  work 
in  an  Elliptic  Groove  0000  on  the  cover  of  the 
Box  below  the  Elliptical  Plate  j the  longefl:  Axis 
of  this  Groove  being  in  a right  line  with  the  Sun 
and  Full  Moon.  Confequently,  when  the  Moon 
is  in  Conjundion  or  Oppofition,  the  Pins  ^and 
^ X thruft  out  the  Plates  ABCD  and  IKLM  a 
little  beyond  the  ends  of  the  Elliptical  Plate  at  d 
and  by  to /and  e-,  while  the  Pins  T and  Z draw 
in  the  Plates  EFGH  and  A^OP^  quite  under  the 
Elliptic  Plate  to  ^ and  h.  But,  when  the  Moon 
comes  to  her  firft  or  third  Quarter,  the  Elliptic 
Plate  lies  acrofs  the  fixed  Elliptic  Groove  in  which 
thePins  work;  and  therefore  the  endPlatesyfPCD 
and  IKLM  are  drawn  in  below  the  great  Plate, 
and  the  other  two  Plates  EFGH  znd  NOP^zve. 
thruft  out  beyond  it  to  a and  c.  When  the  Moon 
is  in  her  Odants,  the  Pins  P,  X,  r,  Z are  in  the 
parts  Oy  Oy  Oy  0 of  the  Elliptic  Groove,  which  parts 
are  at  a mean  between  the  greateft  and  leaft  dif- 
tances  from  the  Center  and  then  all  the  four 
fmall  Plates  difappear,  being  hid  by  the  great  one. 

405.  The 
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405*  The  Ecl  I psAREON.  This  piece  of  Me- 
chanifm  exhibits  the  Time,  Quantity,  Duration, 
and  Progrefs'of  folar  Eclipfes,  at  all  parts  of  the 
Earth. 

The  principal  parts  of  this  Machine  are,  i.  A 
terreftial  Globe  A turned  round  its  Axis  B by  the 
Handle  or  Winch  Mj  the  Axis  5 inclines  23I 
Degrees,  and  has  an  Index  which  goes  round  the 
Hour-Circle  D in  each  rotation  of  the  Globe.  2. 
A circular  Plate  E,  on  the  Limb  of  which  the 
Months  and  Days  of  the  year  are  inferted.  This 
Plate  fupports  the  Globe,  and  gives  its  Axis  the 
fame  pofition  to  the  Sun,  or  to  a Candle  properly 
placed,  that  the  Earth’s  Axis  has  to  the  Sun  upon 
any  day  of  the  year,  §338,  by  turning  the  Plate 
till  the  given  Day  of  the  Month  comes  to  the  fixed 
Pointer,  or  Annual  Index  G.  3.  A crooked  Wire 
Fy  which  points  tow4rd  the  middle  of  the  Earth’s 
enlightened  Difc  at  all  times,  and  fhews  to  what 
place  of  the  Earth  the  Sun  is  vertical  at  any  given 
time.  4.  A Penumbra,  or  thin  circular  Plate  of 
brafs  I divided  into  12  Digits  by  12  concentric 
Circles,  which  reprefent  a Se£tion  of  the  Moon’s 
Penumbra,  and  is  proportioned  to  the  fize  of  the 
Globe  j fo  that  the  fhadow  of  this  Plate,  formed 
by  the  Sun,  or  a Candle  placed  at  a convenient  dif- 
tance^  with  its  rays  tranfmitted  through  a convex 
Lens  to  make  them  fall  parallel  on  the  Globe, 
covers  cxa6lly  all  thofe  places  upon  it  that  the 
Moon’s  Shadow  and  Penumbra  do  on  the  Earth: 
fo  that  the  Phenomena  of  any  folar  Eclipfe  may  be 
fhewn  by  this  Machine  with  Candle-light  almoftas 
well  as  by  the  light  of  the  Sun.  5.  An  upright 
frame  HHHH,  on  the  Sides  of  which  are  Scales 
of  the  Moon’s  Latitude  or  Declination  from  the 
Ecliptic.  To  thefe  Scales  are  fitted  two  Sliders^ 
and  Ky  with  Indexes  for  adjufting  the  Penumbra’s 
Center  to  the  Moon’s  Latitude,  as  it  is  North  or 
South  Afcending  or  Defcending.  6.  A Solar  Ho- 
rizon C,  dividing  the  enlightened  Hemifphere  of 
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the  Globe  from  that  which  is  in  the  dark  at  any 
given  time,  and  ftiewing  at  what  places  the  ge- 
neral Eclipfe  begins  and  ends  with  the  rifing  or 
fetting  Sun.  7.  A handle  My  which  turns  the 
Globe  round  its  Axis  by  wheel-work,  and  at  the 
fame  time  moves  the  Penumbra  acrofs  the  frame 
by  threads  over  the  Pulleys  L,  L,  A,  with  a velo- 
city duly  proportioned  to  that  of  the  Moon’s  (ha- 
dow  over  the  Earth,  as  the  Earth  turns  on  its  Axis. 

And  as  the  Moon’s  Motion  is  quicker  or  flower, 
accordingto  her  differentdiftancesfrom  theEarth, 
the  Penumbral  Motion  is  eaflly  regulated  in  the 
Machine  by  changing  one  of  the  Pulleys. 

J'o  rebVtfy  the  Machine  for  uje.  The  true  time  of  To  reaify 
New  Moon  and  her  Latitude  being  known  by  the 
foregoing  Precepts,  § 353,  et  Jeq,  if  her  Latitude 
exceeds  the  number  of  minutes  or  divifions  on  the 
Scales  (which  are  on  the  fide  of  the  frame  hid  from 
view  in  the  figure  of  the  Machine)  there  can  be 
no  Eclipfe  of  the  Sun  at  that  conjunftion  j but  if 
it  docs  not,  the  Sun  will  be  eclipfed  to  fome  places 
of  the  Earth}  and,  to  fliew  the  times  and  various 
appearances  of  the  Eclipfe  at  thofe  places,  proceed 
in  order  as  follows. 

To  rectify  the  Machine  for  performing  by  the  light 
of  the  Sun.  i.  Move  the  Sliders  A: /C  till  their  In- 
dexes point  to  the  Moon’s  Latitude  on  the  Scales, 
as  it  is  North  or  South  Afeendingor  Defeendinc^i 
at  that  time.  2.  Turn  the  Month-Plate  E till  the 
day  of  the  given  New  Moon  comes  to  the  Annual 
Index  G.  3.  Unferew  the  Collar  N a little  on  the 
Axis  of  the  Plan  die,  to  loofen  the  contiguous  fockec 
on  which  the  threads  that  move  the  Penumbra  are 
wound}  and  fet  the  Penumbra  by  hand  till  its 
Center  comes  to  the  perpendicular  thread  in  the 
middle  of  the  frame}  which  thread  reprefents  the 
Axis  of  the  Ecliptic.  4.  Turn  the  Handle  till  the 
Meridian  of  London  on  the  Globe  comes  juft  under 
the  point  of  the  crooked  Wire  A;  then  flop,  and 
turn  the  Hour  Circle  D by  Hand  till  XU  at  Noon 

comes 
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comes  to  its  Index,  and  fet  the  Penumbra’s  middle 
to  the  thread.  T urn  the  Handle  till  the  Hour- 

Index  points  to  the  time  of  New  Moon  in  the  Circle 
D j and  holding  it  there,  fcrew  faft  the  Collar  N." 
Laftly,  elevate  the  Machine  till  the  Sun  Ihines 
through  the  Sight-Holes  in  thefmall  upright  Plates 
O,  0 on  the  Pedeftal  and  the  whole  Machine 
will  be  redlified. 

To  redlify  the  Machine  for Jhewing  by  Candle-light. 
Proceed  in  every  refpedl  as  above,  except  in  that 
part  of  the  laft  paragraph  where  the  Sun  is  men- 
tioned; inftead  of  which  place  a Candle  before  the 
Machine,  about  four  yards  from  it,  foas  the  lhadow 
of  interfedtion  of  the  crofs  threads  in  the  middle 
of  the  frame  may  fall  precifely  on  that  part  of  the' 
Globe  to  which  the  crooked  wire  F points  : then, 
with  a pair  of  compaffes,  take  the  diftance  be- 
tween the  Penumbra’s  Center  and  interfedtion  of 
the  threads  ; and  equal  to  that  diftance  fet  the  Can- 
dle higher  or  lower,  as  the  Penumbra’s  Center  is 
above  or  below  the  faid  interfedtion.  Laftly,  place 
a large  convex  Lens  between  the  Machine  and 
Candle,  fb  as  the  Candle  may  be  in  the  Focus  of 
the  Lens,  and  then  the  Rays  will  fall  parallel,  and 
call  a ftrong  light  on  the  Globe. 

Its  ufe.  Thefe  things  being  done  (and  they  may  be  done 
fooner  than  they  can  beexpreffed)  turn  the  Handle 
backward,  until  the  Penumbra  almoft  touches 
the  fide  HF  of  the  frame ; then  turning  gradually 
forward,  obferve  the  following  Phaenomena.  i, 
Wheretheeafternedgeofthe  ftiadowofthe  Penum- 
bral  Plate  / firft  touches  the  Globe  at  the  folar  Ho- 
rizon, thofe  who  inhabit  the  correfponding  part  of 
the  Earth  fee  the  Eclipfe  begin  on  the  uppermoft 
edge  of  the  Sun,  juft  at  the  time  of  its  riling.  2. 
In  that  place  where  the  Penumbra’s  Center  firft 
touches  the  Globe,  the  inhabitants  have  the  Sun 
rifing  upon  them  centrally  eclipfed.  3.  When 
the  whole  Penumbra  juft  falls  upon  the  Globe, 
its  weftern  edge  at  the  folar  Horizon  touches 
aiTd  leaves  the  place  where  the  Eclipfe  ends 
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at  Sun-rife  on  the  lowermoft  edgc^  Continue 
turning;  and  4.  The  crofs  lines  in  the  Center 
of  the  Penumbra  will  go  over  all  thofe  places  on 
the  Globe  where  the  Sun  is  centrally  eclipfed. 

5.  When  the  eaftern  edge  of  the  fhadow  touches 
any  place  of  the  Globe,  the  Eclipfe  begins  there  ; 
when  the  verticleline  in  the  Penumbra  comes  to 
any  place,  then  is  the  greateft  obfcuration  at  that 
place ; and  when  the  weftern  edge  of  the  Penum- 
bra leaves  the  place,  the  Eclipfe  ends  there;  the 
times  of  all  which  are  Ihewn  on  the  Hour-Circle; 
and  from  the  beginning  to  the  end,  the  Shadows 
of  the  concentric  penumbral  Circles  fliew  the 
numbers  of  Digits  eclipfed  at  all  the  intermediate 
times.  6.  When  the  eaftern  edge  of  the  Penum- 
bra leaves  the  Globe  at  the  folar  Horizon  C,  the 
inhabitants  fee  the  Sun  beginning  to  be  eclipfed 
on  his  lowermoft  edge  at  its  fetting.  7.  Where  the 
Penumbra’s  Center  leaves  the  Globe,  the  inhabi- 
tants fee  the  Sun  fet  centrally  eclipfed.  And 
laftly,  where  the  Penumbra  is  wholly  departing  ■ 
from  the  Globe,  the  inhabitants  fee  the  Eclipfe 
ending  on  the  uppermoft  part  of  the  Sun’s  edge, 
at  the  time  of  its  difappearing  in  the  Horizon? 

^ iV.  B.  If  any  given  day  of  the  year  on  the  Plate 
E be  fet  to  the  Annual  Index  G,  and  the  Handle 
turned  till  the  Meridian  of  any  place  comes  under 
the  point  of  the  crooked  Wire,  and  then  the  Hour- 
Circle  D fet  by  th.e  hand  till  XII  comes  to  its  In- 
dex; in  turning  the  Globe  round  by  the  Handle, 
when  the  faid  place  touches  the  eaftern  edge  of 
the  Hoop  or  folar  Horizon  C,  the  Index  Ihews  the 
time  of  Sun-fetting  at  that  place;  and  when  the 
place  isjuft  coming  out  from  below  the  other  edge 
of  the  Hoop  C,  the  Index  Ihews  the  time  when 
the  evening  Twilight  ends  to  it.  When  the  place 
has  gone  through  the  dark  part  J,  and  comes  about 
lo  as  to  touch  under  the  back  of  the  Hoop  C,  on 
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the  other  fide,  the  Index  fhews  the  time  when  the 
Morning  Twilight  begins;  and  when  the  fame 
place  is  juft  coming  out  from  below  the  edge  of 
the  Hoop  next  the  frame,  the  Index  points  out 
the  time  of  Sun-rifing.  And  thu6,  the  times  of 
Sun-rifing  and  fetting  are  fhewn  at  all  places  in 
one  rotation  of  the  Globe,  for  any  given  day  of 
the  year : and  the  point  of  the  crooked  Wire  F 
ftiews  all  the  places  over  which  the  Sun  paflTes  ver- 
tically on  that  day. 
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CHAPTER  XXIII. 

ARTICLE  I. 

Concerning  Parallaxes^  and  their  life  m general, 

I.  r^^HE  *' approaching  Tranfit  of  Venus 
X over  the  Sun  has  juftly  engaged  the 
attention  of  Aftronomers,  as  it  is  a phenome- 
non feldom  feen,  and  as  the  parallaxes  of  the 
Sun  and  Planets,  and  their  diftances  from  one 
another,  may  be  found  with  greater  accuracy  by 
it,  than  by  any  other  method  yet  known. 

2.  The  parallax  of  the  Sun,  Moon,  or  any  pla- 
ner, is  the  diftance  between  its  true  and  apparent 
place  in  the  heavens.  The  true  place  of  anycelef- 
tial  obje6t,  referred  to  the  ftarry  heaven,  is  that  in 
which  it  would  appear  if  feen  from  the  center  of 
the  Earth ; the  apparent  place  is  that  in  which  it 
appears  as  feen  from  the  Earth’s  furface.. 

To  explain  this,  let  ABDH  be  the  Earth 
(Fig.  I.  of  Plate  XIV.),  Cits  center,  M the  Moon, 
and  ZXR  an  arc  of  the  ftarry  heaven.  To  an  ob- 
ferver  at  C (ruppofing  the  Earth  to  be  tranfparent) 
the  Moon  M will  appear  at  U,  which  is  her  true 
place  referred  to  the  ftarry  firmament : but  at  the 

* The  whole  of  this  Diflertation  was  publifhed  in  the  be- 
ginning of  the  year  1761,  before  the  Time  of  the  Tranfit,  ex- 
cept the  7th  and  8th  Articles,  which  are  added  lince  that  time. 
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fame  inftanr,  to  an  obferver  at  A flie  will  appear  at 
a,  below  her  true  place  among  the  liars. — The 
angle  AMC  is  called  the  Moon’s  parallax,  and 
is  equal  to  the  oppofite  angle  U Mu^  whofe  mea- 
fure  is  the  celellial  arc  Uu. — The  whole  earth  is 
but  a point  if  compared  with  its  diftance  from  the 
fixed  liars,  and  therefore  we  confider  the  liars  as 
having  no  parallax  at  all. 

3.  The  nearer  the  objecl  is  to  the  horizon,  the 
greater  is  its  parallax  j the  nearer  it  is  to  the  ze- 
nith, the  lefs.  In  the  horizon  it  is  greatefl  of  all ; 
in  the  zenith  it  is  nothing. — Thus  let  ALt  be  the 
fenfible  horizon  of  an  obferver  at  A\  to  him  the 
Moon  at  L is  in  the  horizon,  and  her  parallax  is 
the  angle  ALC^  under  which  the  Earth’s  femidi- 
ameter  AC  appears  as  feen  from  her.  This  angle 
is  called  the  Moon’s  horizontal  parallax,  and  is 
equal  to  the  oppofite  angle  BLt,  whofe  meafure 
is  the  arc  T t \n  the  ftarry  heaven.  As  the  Moon 
rifes  higher  and  higher  tq  the  points  M,  Ny  0,  P, 
in  her  diurnal  courfe,  the  paralladic  angles  UMuy 
X N Xy  T oy  diminilh,  and  fo  do  the  arcs  U Uy  Xx, 
Tyy  which  are  their  meafures,  until  the  Moon 
comes  to  Py  and  then  Ihe  appears  in  the  zenith  Z 
without  any  parallax,  her  place  being  the  fame 
whether  it  be  feen  from  A on  the  Earth’s  furface, 
or  from  C its  center. 

4.  If  the  obferver  at  A could  take  the  true  mea- 
fure or  quantity  of  the  parallaftic  angle  ALCy  he 
might  by  that  means  find  theMoon’s  diftance  from 
the  fenter  of  the  Earth.  For,  in  the  plain  tri- 
angle LACy  the  fide  AC,  which  is  the  Earth’s  fe- 
midiameter,  the  angle which  is  the  Moon’s 
horizontal  parallax,  and  the  right  angle  CALy 
would  be  given.  Therefore,  by  trigonometry,  as 
the  tangent  of  the  paralladlic  angle  ALC  is  to  ra- 
dius, fo  is  the  Earth’s  femidiameter  AC  to  the 
Moon’s  diftance  CL  from  the  Earth’s  center  C. — 
But  becaufe  we  confider  the  Earth’s  femidiameter 
as  unity,  and  the  logarithm  of  unity  is  nothing,  fub- 
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traft  the  logarithmic  tangent  of  the  angle  ALC 
from  radius,  and  the  remainder  will  be  the  loga- 
rithm of  CL,  and  its  correfponding  number  is  the 
number  of  femidiameters  of  the  Earth  which  the 
Moon  is  diftant  from  the  Earth’s  center. — Thus 
fuppofing  the  angle  ALC  of  the  Moon’s  horizon- 
tal parallax  be  57'  18". 

From  the  radius  - 10.0000000 

Subtraft  the  tangent  of  57'  18"  8.2219207 

And  there  will  remain  — 1.7780793  ; 

which  is  the  logarithm  of  59.99,  the  number  of  fe- 
midiameters of  the  Earth  which  are  equal  to  the 
Moon’s  diftance  from  the  Earth’s  center.  Then, 
59.99  being  multiplied  by  3985,  the  number  of 
miles  contained  in  the  Earth’s  femidiameter,  will 
give  239060  miles  for  the  Moon’s  diftance  from 
the  center  of  the  Earth,  by  this  parallax. 

5.  But  the  true  quantity  of  the  Moon’s  horizon- 
tal parallax  cannot  be  accurately  determined  by  ob- 
ferving  the  Moon  in  the  horizon,  on  account  of 
the  inconftancy  of  the  horizontal  refraftions,  which 
always  vary  according  to  the  ftate  of  the  atmo- 
fphere;  and,  at  a mean  rate,  elevate  the  Moon’s 
apparent  place  near  the  horizon  half  as  much 
as  her  parallax  deprelTes  it.  And  therefore,  to 
have  her  parallax  more  accurate,  Aftronomers 
have  thought  of  the  following  method,  which 
feems  to  be  a very  good  one,  but  hath  not  yet  been 
put  in  praftice. 

Let  two  obfervers  be  placed  under  the  fame 
meridian,  one  in  the  northern  hemifphere,  and  the 
other  in  the  fouthern,  at  fuch  a diftance  from  each 
other,  that  the  arc  of  the  celeftial  meridian  in- 
cluded between  their  two  zeniths  may  be  at  leaft 
80  or  90  degrees.  Let  each  obferver  taloe  the  dif- 
tance of  the  Moon’s  center  from  his  zenith,  by 
means  of  an  exceeding  good  inftrument,  at  the 
moment  of  her  pafting  the  meridian : add  ihefc 
two  zcnith-diftances  of  the  Moon  together,  and 
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their  excefs  above  the  diftance  betv/een  the  two 
zeniths  will  be  the  diftance  between  the  two  ap- 
parent places  of  the  Moon.  Then,  as  the  fum  of 
the  natural  fines  of  the  two  zenith-diftaaces  of  the 
Moon  is  to  radius,  fo  is  the  diftance  between  her 
two  apparent  places  to  her  horizontal  parallax  ; 
which  being  found,  her  diftance  from  the  Earth’s 
center  may  be  found  by  the  analogy  mentioned  in 
4* 

Thus,  in  Fig.  1.  let  the  Earth,  M the 

Moon,  and  Zbaz  an  arc  of  the  celeftial  meridian. 
Let  Vht  Vienna^  whofe  latitude  20  north ; 

and  C the  Cape  of  Good  Hope,  whofe  latitude  EC  is 
34°  30'  fouth  ; both  which  latitudes  we  fuppofe  to 
be  accurately  determined  before-hand  by  the  ob- 
fervers.  As  ihefe  two  places  are  on  the  fame  me- 
ridian kF£Cj,  and  indifferent  hemifpheres,  the 
fum  of  their  latitudes  82°  50'  is  their  diftance  from 
each  other.  Z is  the  zenith  of  Vienna,  and  z the 
zenith  of  the  Cape  of  Good  Hope  -,  which  two  zeniths 
are  alfo  82°  50'  diftant  from  each  other,  in  the 
common  celeftial  meridian  Z z.  To  the  obferver 
at  Vienna,  the  Moon’s  center  will  appear  a in 
the  celeftial  meridian  i and  at  the  fame  inftant,  to 
the  obferver  at  the  Cape,  it  will  appear  at  b.  Now 
fuppofe  the  Moon’s  diftance  Z a from  the  zenith 
of  Vienna  to  be  38°  i'  53"  and  her  diftance  zb 
from  the  zenith  of  the  Cape  of  Good  Hope  to  be  46° 

4'  41'’:  the  fum  of  thefe  two  zeniih-diftances 
(Za-\-zb)  is  84®  6'  34">  from  which  fubtracl; 
82°  50',  the  diftance -Z  2:  between  the  zeniths  of 
thefe  t;^’0  places,  and  there  will  remain  1°  16’  34' 
for  the  dixeba,  or  diftance  between  the  two  appa- 
rent places  of  the  Moon’s  center,  as  feen  from  V and 
from  C.  Then,  fuppofing  the  tabular  radius  to  be 
10000000,  the  natural  fine  of  38"  i'  53"  (the  arc  ^ 
Za)  is  6 1 608 1 6,  and  the  natural  fine  of  46°  4'  i 
41''  (the  arc  Z^)  is720282i ; the  fum  of  both  thefe  ! 
fines  is  13363637.  Say,  therefore,  As  13363637  ^ 
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is  to  looooooo,  fo  is  i°  1 6'  34",  to  57^  18",  which 
is  the  Moon’s  horizontal  parallax. 

If  the  two  places  of  obfcrvation  be  not  exaftly 
under  the  fame  meridian,  their  difference  of  longi- 
tude muft  be  accurately  taken,  that  proper  allow- 
ance may  be  made  for  the  Moon’s  declination  while 
file  is  pairing  from  the  meridian  of  the  one  to  the 
meridian  of  the  other. 

6.  The  Earth’s  diameter,  as  feen  from  the  Moon, 
fubtends  an  angleof double  the  Moon’s  horizontal 
parallax  j which  being, fuppofed  (as  above)  to  be 
57'  18",  or  3438”,  the  Earth’s  diameter  muft  be 

54'  36",  or  6876".  When  the  Moon’s  hori- 
zontal parallax  (which  is  variable  on  account  of 
the  eccentricity  of  her  orbit)  is  57’  18'’,  her  dia- 
meter fubtends  an  angle  31'  2",  or  1862":  there- 
foretheEarth’sdiameteris  to  theMoon’sdiameter, 
as  6876  is  to  1862;  that  is,  as  3.69  is  to  i. 

And  fince  the  relative  bulks  of  fpherical  bodies 
are  as  the  cubes  of  their  diameters,  the  Earth’s 
bulk  is  to  the  Moon’s  bulk,  as  49.4  is  to  i. 

7.  The  parallax,  and  confequently  the  diftance 
and  bulk  of  any  primary  planet,  might  be  found 
in  the  above  manner,  if  the  planet  was  near  enough 
to  the  Earth,  to  make  the  difference  of  its  two 
apparent  places  fufficiently  fenfible:  but  the 
neareft  planet  is  too  remote  for  the  accuracy  re- 
quired. In  order  therefore  to  determine  the  dif- 
tances  and  relative  bulks  of  the  planets  with  any 
tolerabledegree  of  precifion,  wemufthaverecourfe 
to  a method  lefs  liable  to  error : and  this  the  ap- 
proaching tranfit  of  Venus  over  the  Sun’s  dife  will 
afford  us. 

8.  From  the  time  of  any  inferior  conjundbion  of 
the  Sun  and  Venus  to  the  next,  is  583  days  22 
hours  7 minutes.  And,  if  the  plane  of  Venus’s  . 
^bit  were  coincident  with  the  plane  of  the  ecliptic, 
me  would  pafs  diredtly  between  the  Earth  and  the 
Sun  at  each  inferior  conjunftion,  and  would  then 
appear  like  a dark  round  fpot  on  the  Sun  for  about 

F f 4 y hours 
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7 hours  and  3 quarters.  But  Venus’s  orbit  (like 
the  Moon’s)  only  interfeds  the  ecliptic  in  two  op- 
pofite  points,  called  its  Nodes.  And  therefore  one 
half  of  it  is  on  the  north  fide  of  the  ecliptic,  and 
the  other  on  the  fouth  : on  which  account,  Venus 
can  never  be  feen  on  the  Sun,  but  at  thofe  inferior 
conjundlions  which  happen  in  or  near  the  nodes  of 
her  orbit.  At  all  the  other  conjun61;ions,fhe  either 
pafles  above  or  below  the  Sun ; and  her  dark  fide 

being  then  toward  the  Earth,  fhe  is  invifible. 

The  laft  time  when  this  planet  was  feen  like  a 
fpot  on  the  Sun,  was  on  the  24th  oi November ^ Old 
Stile,  in  the  year  1639, 

ARTICLE  II. 

Shewing  how  to  find  the  horizontal  parallax  of  Venus 
by  obfervation,  and  from  thence^  by  analogy^  the 
parallax  and  dijlance  of  the  Sun,  and  of  all  the 
Planets  from  him, 

9.  In  Fig,  4.  of  Plate  XIV.  \tt  B B A be  the 
Earth,  ^Venus,  and  TSR  the  eaftern  limb  of  the 
Sun.  To  an  obferver  at  B,  the  point  t of  that  limb 
will  be  on  the  meridian,  its  place  referred  to  the 
heaven  will  be  at  A,  and  Venus  will  appear  juft 
within  it  at  S.  But,  at  the  fame  inftant,  to  an  ob- 
ferver at  yf,  Venus  is  eaft  of  the  Sun,  in  the  right 
line  AVF\  the  point  / of  the  Sun’s  limb  appears 
at  e in  the  heaven,  and  ifVenus  were  then  vifible, 
Ihe  would  appear  at  F.  The  angle  C V A is  the 
horizontal  parallax  of  Venus,  which  we  feek  ; and 
is  equal  to  the  oppofite  angle  FVE,  whofe  mea- 
fure  is  the  arc  FE.  ASC  is  the  Sun’s  horizontal 
parallax,  equal  to  the  oppofite  angle  eSE,  whofe 
meafure  is  the  arc  eE:  and  F Ae  (the  fame  as 
V Av ) is  Venus’s  horizontal  parallaxfrom  theSun, 
which  may  be  found  by  obferving  how  much  later 
in  abfolute  time  her  total  ingrefs  on  the  Sun  is,  as 
fetn  from  A,  than  as  feen  from  B,  which  is  the 

time 
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time  (he  takes  to  move  from  ^ to  -i;  in  her  orbit 
OFv. 

lo.  It  appears  by  the  tables  of  Venus’s  motion 
and  the  Sun’s,  that  at  the  time  of  her  enfuing  tran- 
fit,  file  will  move  4'  of  a degree  on  the  Sun’s  difc 
in  60  minutes  of  time  j and  therefore  (he  will  move 
4"  of  a degree  in  one  minute  of  time. 

Now  let  us  fuppofe,  that  ^ is  90°  weft  of  By 
fo  that  when  it  is  noon  at  B,  it  will  be  VI  in  the 
morning  at  A;  that  the  total  ingrefs  as  feen  from 
5 is  at  I minute  paft  XII.  but  that  as  feen  from  J 
it  is  at  7 minutes  30  feconds  paft  VI : dedu6t  6 
hours  forthe  difference  of  meridians  ofyf  and  and 

the  remainder  will  be  6 minutes  30  feconds  for  the 
time  by  which  the  total  ingrefs  of  Venus  on  the 
Sun  at  S is  later  as  feen  from  yf  than  as  feen  from 
B:  which  time  being  converted  into  parts  of  a 
degree  is  26",  or  the  arc  Fed(  Venus’s  horizontal 
parallax  from  the  Sun  : for,  as  i minute  of  time 
is  to  4 feconds  of  a degree,  fo  is  64.  minutes  of 
time  to  26  feconds  of  a degree. 

I I.  The  times  in  which  the  planets  perform 
their  annual  revolutions  about  the  Sun,  are  already 
known  by  obfcrvation.— From  thefe  times,  and 
the  univerfal  power  of  gravity  by  which  the  pla- 
nets are  retained  in  their  orbits,  it  is  demonftrable, 
that  if  the  Earth’s  mean  difiance  from  the  Sun  be 
divided  into  locooo  equal  parts,  Mercury’s  mean 
difiance  from  the  Sun  muft  be  equal  to  387  ip  of 
thefe  parts-^Venus’s  mean  diftance  from  the  Sun, 
*0  72333 — Mars’s  mean  diftance,  152369— Jupi- 
ter’s, 520096— and  Saturn’s,  954006.  Therefore, 
when  the  number  of  miles  contained  in  the  mean 
diftance  of  any  planet  from  the  Sun  is  known,  we 
can,  by  thefe  proportions,  find  the  mean  diftance 
in  miles  of  all  the  reft. 

T?  enfuing  tranfit,  the 

Earth  s diftance  from  the  Sun  will  be  1015  (the 
mean  diftance  being  here  confidered  as  1000),  and 
Venus  s diftance  from  the  Sun  will  be  726  (the 

mean 
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m«an  di (lance  being  confidered  as  723),  which  dif- 
ferences from  the  mean  diftanccs  arife  from  the 
elliptical  figure  of  the  planets’  orbits — Subtrad 
726  parts  from  1015,  and  there  will  remain  289 
, parts  for  Venus’s  diltance  from  the  Earth  at  that 
time. 

13.  Now,  fince  the  horizontal  parallaxes  of  the 
planets  are  * inverfely  as  their  diftances  from  the 
Earth’s  center,  it  is  plain,  that  as  Venus  will  be 
between  the  Earth  and  the  Sun  on  the  day  of  her 
tranftt,  and  confequently  her  parallax  will  be  then 
greater  than-  the  Sun’s,  if  her  horizontal  parallax 
can  be  en  that  day  afcertained  by  obfervation,  the 
Sun’s  horizontal  parallax  may  be  found,  and  con- 
fequently hisdiftance  from  the  Earth. — Thus,  fup- 
pofe  Venus’s  horizontal  parallax  fhould  be  found 
to  be  36''.348o  ; then.  As  the  Sun’s  diftance  1015 
is  to  Venus’s  diftance  289,  fo  is  Venus’s  horizontal 
parallax  36^.3480  to  the  Sun’s  horizontal  parallax 
io".3493  on  the  day  of  her  tranfit.  And  the  dif- 
ference of  thefe  two  parallaxes,  viz. 

(which  may  beefteemed  26'’)  will  be  the  quantity 
of  Venus’ij  horizontal  parallax  from  the  Sun  3 
which  is  one  of  the  elements  for  projeding  or  de- 
lineating her  tranfit  over  the  Sun’s  difc,  as  will  ap- 
pear further  on. 

To  find  the  Sun’s  horizontal  parallax  at  thetime 
of  his  mean  diftance  from  the  Earth,  fay,  As  1000 
pajts,*the  Sun’s  mean  diftance  from  the  Earth’s 
center,  is  to  1015,  his  diftance  from  it  on  the 

* To  prove  this,  let  S be  the  Sun  (Fig.  3.)  /^Venus,  JBthe 
Earth,  C its  center,  and  AC  its  remidiameier.  The  angle  AVC  ■ 
is  the  horizontal  parallax  of  Venus,  and  ASC  the  horizontal  : 
parallax  of  the  Sun.  But  by  the  property  of  plain  triangles,  as  | 
the  fine  of  AFC  (or  of  SFA  its  fupplement  to  180)  is  to  the 
fine  of  ASC,  fo  is  AS  to  AF,  and  fo  is  CS  to  C F.  — \ 
N.  all  angles  lefs  than  a minute  of  a degree,  the  fines,  V 

tangents,  and  arcs,  are  fo  nearly  equal,  that  they  may,  without  | 
error,  be  ufed  for  one  another.  And  here  we  make  ufe  of.i 
Gardiner’s  logarithmic  tables,  becaufe  they  have  the  fines  ton 
every  fecond  of-a  degree.  J 
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day  of  the  tranfit,  fo  is  lo". 34.^3^  his  horizontal 
parallax  on  that  day,  to  io".5045,  his  horizontal 
parallax  at  the  time  of  his  mean  diftance  from  the 
Earth’s  center. 

14.  The  Sun’s  parallax  being  thus  (or  any  other 
way  fuppofed  to  be)  found,  at  the  timeof  his  mean 
diftance  from  the  Earth,  we  may  find  his  true  dif- 
tance from  it,  in  lemidiameters  of  the  E arth,  by 
the  following  analogy.  As  thefine  (or  tangent  of 
lb  fmall  an  arc  as  that)  of  the  Sun’s  parallax 
io'‘',5045  is  to  radius,  fo  is  unity,  or  the  Earth’s 
femidiameter,  to  the  number  of  femidiameters  of 
the  Earth  that  the  Sun  is  diftant  from  its  center, 
which  number,  being  multiplied  by  3985,  ihe 
number  of  miles  contained  in  the  Earth’s  femidi- 
ameter, will  gi.ve  the  number  of  miles  which  the 
Sun  is  diftant  from  the  Earth’s  center. 

Then,  by  § ii.  As  100000,  the  Earth’s  mean 
diftance  from  the  Sun  in  parts,  is  to  38710,  Mer- 
cury’s mean  diftance  from  the  Sun  in  parts,  fo  is 
the  Earth’s  mean  diftance  from  the  Sun  in  miles  to 
Mercury’s  mean  diftance  from  the  Sun  in  miles. — 
And, 

As  100000  is  to  72333,  fo  is  the  Earth’s  mean 
diftance  from  the  Sun  in  miles  to  Venus’s  mean 
diftance  from  the  Sun  in  miles. — Likewife, 

As  looooo  is  to  152369,  fo  is  the  Earth’s  mean 
diftance  from  the  Sun  in  miles  to  Mars’s  mean  dif- 
tance from  the  Sun  in  miles. — Again, 

As  100000  is  to  520096,  fo  is  the  Earth’s  mean 
diftance  from  the  Sun  in  miles  to  Jupiter’s  mean 
diftance  from  the  Sun  in  miles. — Laftly, 

As  100000  is  to  954006,  fo  is  the  Earth’s  mean 
diftance  from  the  Sun  in  miles  to  Saturn’s  mean 
diftance  from  the  Sun  in  miles. 

And  thus,  by  having  found  the  diftance  of  any 
one  of  the  planets  from  the  Sun,  we  have  fufficient 
^ata  for  finding  the  diftance  of  all  the  reft. — And 
then,  from  their  apparent  diameters  at  thefe  known 

diftances. 
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diftances,  their  real  diameters  and  bulks  may  be 
found. 

15.  The  Earth’s  diameter,  as  feen  from  the 

Sun,  fubtends  an  angle  of  double  the  Sun’s  hori- 
zontal parallax,  at  the  time  of  the  Earth’s  mean 
diftance  from  the  Sun  j and  the  Sun’s  diameter,  as 
feen  from  the.Earth  at  that  time,  fubtends  an  angle 
of  32'  2",  or  1922".  Therefore,  the  Sun’s  diame- 
ter is  to  the  Earth’s  diameter,  as  1922  is  to  21. 

And  fince  the  relative  bulks  of  fpherical  bodies 
are  as  the  cubes  of  their  diameters,  the  Sun’s  bulk 
is  to  the  Earth’s  bulk,  as  7 56058  is  to  i j fuppofing 
the  Sun’s  mean  horizontal  parallax  to  be  io".5, 
as  above. 

16.  It  is  plain  by  Fig.  4.  that  whether  Venus 
be  at  U or  V,  or  in  any  other  part  of  the  right  line 
BVS,  it  will  make  no  difference  in  the  time  of  her 
total  ingrefs  on  the  Sun  at  5,  as  feen  from  B but 
as  feen  from  ^it  will.  ^ For,  if  Venus  be  at  Vy  her 
horizontal  parallax  from  the  Sun  is  the  arc  Fe, 
which  meafures  the  angle  FAe : but  if  fhe  be  nearer 
the  Earth,  as  at  t/,  her  horizontal  parallax  from  the 
Sun  is  the  arc/e,  which  meafures  the  angle/yfej 
and  this  angle  is  greater  than  the  angle  F Ae^  by 
the  difference  of  their  meafures  f F.  So  that,  as 
the  diftance  of  the  celeftial  objedt  from  the  Earth 
is  lefs,  its  parallax  is  the  greater. 

17.  To  find  the  parallax  of  Venus  by  the  above 
method,  it  is  neceffary,  i.  That  the  difference  of 
meridians  of  the  two  places  of  obfervation  be  90°. 
— 2.  That  the  time  of  Venus’s  total  ingrefs  on  the 
Sun  be  when  his  eaftern  limb  is  either  on  the  me- 
ridian of  one  of  the  places,  or  very  near  it. — And, 
3.  That  each  obferver  has  his  clock  exadlly  regu- 
lated to  the  equal  time  at  his  place.  But  as  it 
might,  perhaps,  be  difficult  to  find  two  places  on 
the  Earth  fuited  to  the  firft  and  fecond  of  thefe  re- 
quifites,  we  fhall  fhew  how  this  important  problem 
may  be  folved  by  a fingle  obferver,  if  he  be  exadl 
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as  to  his  longitude,  and  has  his  clock  truly  adjufted 
CO  the  equal  time  at  his  place. 

1 8.  That  part  of  Venus’s  orbit  in  which  Ihe  will 
move  during  her  tranfit  on  the  Sun,  may  be  con- 
fidered  as  a ftraight  line  ; and  therefore,  a plane 
may  be  conceived  to  pafs  both  through  it  and  the 
Earth’s  center.  To  every  place  on  the  Earth’s 
furface  cut  by  this  plane,  Venus  will  be  feen  on 
the  Sun  in  the  fame  path  that  Ihe  would  defcribe 
as  feen  from  the  Earth’s  center  : and  therefore  Ihe 
will  have  no  parallax  of  latitude,  cither  north  or 
fouth  j but  will  have  a greater  or  lefs  parallax  of 
longitude,  as  fhe  is  more  or  lefs  diftant  from  the 
meridian,  at  any  time  during  her  tranfit. 

Matura,7i  town  and  fort  on  the  fouth  coafl:  of 
the  ifiand  of  Ceylon,  will  be  in  this  plane  at  the 
time  of  Venus’s  total  ingrefs  on  the  Sun  and  the 
Sun  will  then  be  62°^  eaft  of  the  meridian  of  that 
place.  Confpquently  to  an  obferve,r  at  Matura 
Venus  will  have  a confiderable  parallax  of  longil 
tude  eafiward  from  the  Sun,  when  fiie  would  ap- 
pear  to  touch  the  Sun’s  eaftern  limb  as  feen  from 
the  Earth’s  center,  at  which  the  Aftronomical 
Tables  fuppofe  the  obferver  to  be  placed,  and 
give  the  times  as  feen  from  thence. 

19.  According  to  thefe  tables,  Venus’s  total  in- 
grels  on  the  Sun  will  be  50  minutes  after  VII  in 
the  morning,  at  Matura  *,  fuppofing  that  place  to 
be  80  eaft  longitude  from  the  meridian  of  London  • 
which  is  theobferver’s  bufinefs  to  determine  Let 
us  imagine  that  he  finds  it  to  be  exaftly  fo,  but 
that  to  him  the  total  ingrefs  is  at  VII  hours  cc 
minutes  46  feconds,  which  is  5 minutes  46  feconds 
later  than  the  true  calculated  time  of  total  inc^refs 
as  feen  from  the  Earth’s  center.  Then,  as  Venus’s 


F;.rt  feen  from  the 

ff  "'k  •’  fl'V  o?  """r"  morning  ; and 

^ ^ minutes)  ealt  London 

when  It  IS  30  minutes  part  II  in  the  morning  at  London  it  is 
50  minutes  paft  VU  at  Matura.  ^ “ 


motion 


44  6 Method  of  finding  the  Difiances 

motion  on  (or  toward,  or  from)  the  Sun  is  at  the 
rate  of  4 minutes  of  a degree  in  an  hour  (by  §10.) 
her  motion  muft  be  if.  i of  a degree  in  5 minutes 
46  feconds  of  time  : and  this  23''.!  is  her  parallax 
eaftward,  from  her  total  ingrefs  as  fcen  fromMa- 
tura,  when  her  ingrefs  would  be  total  if  feen  from 
the'Earth’s  center. 

20.  At  VII  hours  50  minutes  in  the  morning, 
the  Sun  is  62’^  from  the  meridian  •,  at  VI  in  the 

' morning  he  is  90®  from  it : therefore,  as  the  fine 
of  is  to  the  fine  of  23".!  (which  is  Venus’s 
parallax  from  her  true  place  on  the  Sun  at  VII 
hours  fominutes)  fo  is  radius,  or  the  fine  of  90°,  to 
the  fine  of  i6'\  which  is  Venus’s  horizontal  paral- 
lax from  the  Sun  at  VI.  In  logarithms  thus : 

As  the  logarithmic  fine  of  6z°  30'  - — - 9.9479289 

]s  to  the  logarithmic  fine  of  23".  I - - 6.0481510 

So  is  the  logarithmic  radius  -----  10.0000000 

To  the  logarithmic  fine  of  26"  very  nearly  - ’ - 6.1002221 

Divide  the  Sun’s  diftance  from  the  Earth,  1015, 
by  his  diftance  from  Venus  726  (§  12.)  and  the 
quotient  will  be  1.3980;  which  being  multiplied 
by  Venus’s  horizontal  parallax  from  the  Suii  26", 
will  give'36".348o,  for  her  horizontal  parallax  as 
feen  from  the  Earth  at  that  time. — Then  (by§  13.) 
as  the  Sun’s  diftance  1025  is  to  Venus’s  diftance 
289,  fo  is  Venus’s  horizontal  parallax  36".348o  to 
the  Sun’s  horizontal  parallax  10". 3493  — If  Ve- 
nus’s horizontal  parallax  from  the  Sun  is  found 
by  obfervation  to  be  greater  or  lefs  than  26",  the 
Sun’s  horizontal  parallax  muft  be  greater  or  lefs 
than  io''.3493  accordingly. 

21.  And  thus,  by  a fingle  obfervation,  the  pa-  ; 
rallax  of  Venus,  and  confequently  the  parallax  of 
the  Sun,  might  be  found,  if  we  were  fure  that  the 
Aftronomical^tables  were  quite  correft  as  to  the  | 
time  of  Venus’s  total  ingrefs  on  the  Sun. — But  J 
although  the  tables  may  be, fafely  .depended  upon  | 
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for  fhewing  the  true  duration  of  the  tranfit,  which 
will  not  be  quire  6 hours  from  the  time  of  Venus’s 
total  ingrefs  on  the  Sun’s  eaftern  limb,  to  the  be- 
ginning of  her  egrefs  from  his  weftern  j yet  they 
may  perhaps  not  give  the  true  times  of  thefc  two 
internal  contadfs : like  a good  common  clock, 
which  though  it  may  be  trufted  to  for  meafuring  a 
few  hours  of  time,  yet  perhaps  it  may  not  be 
quite  adjufted  to  the  meridian  of  the  place,  and 
confequently  not  true  as  to  any  one  hour;  which 
every  one  knows  is  generally  the  cafe. — Therefore, 
to  make  fure  v,7ork,  the  obferver  ought  to  watch 
both  the  moment  of  Venus’s  total  ingrefs  on  the 
Sun,  and  her  beginning  of  egrefs  from  him,  fo  as 
to  note  precifely  the  times  between  thefe  two  in- 
fants, by  means  of  a good  clock  ; and  by  com- 
paring the  interval  at  his  place  with  the  true  cal- 
culated interval  as  feen  from  the  Earth’s  center, 
which  will  be  5 hours  58  minutes,  he  may  find 
the  parallax  of  Venus  from  the  Sun  both  at  her 
total  ingrefs  and  beginning  of  egrefs. 

22.  The  manner  of  obferving  the  tranfit  Ihould 
be  as  follows : — The  obferver  being  provided  with 
a good  telefcope,  and  a pendulum  clock  well  ad- 
jufted to  the  mean  diurnal  revolution  of  the  Sun,, 
and  as  near  to  the  time  at  his  place  as  conveniently 
may  be;  and  having  an  afliftant  to  watch  the  clock 
at  the  proper  times,  he  muft  begin  to  obferve  the 

Sun’seafternlimbthroughhistelefcope,  twenty  mi- 
nutes at  leaft  before  the  computed  time  of  Venus’s 
total  ingrefs  upon  it,  left  there  Ihould  be  an  error  in 
the  time  of  the  beginning,  as  given  by  the  tables. 

When  he  perceives  a dent  (as  it  were)  to  be 
made  in  the  Sun’s  limb,  by  the  interpofition  of  the 
dark  body  of  Venus,  he  muft  then  continue  to 
watch  her  through  the  telefcope  as  the  dent  in- 
Creafes ; and  his  afliftant  muft  watch  the  time  Ihewn 
by  the  clock,  till  the  whole  body  of  the  planet 
appears  juft  within  the  Sun’s  limb:  and  the  mo- 
ment when  the  bright  limb  of  the  Sun  appears 

clofe 
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clofe  by  the  eaft  fide  of  the  dark  limb  of  the  pla- 
net, the  obferver,  having  a little  hammer  in  his 
hand,  is  to  ftrikc  a blow  therewith  on  the  table  or 
wall  i the  moment  of  which,  the  afliftant  notes  by 
the  clock,  and  writes  it  down. 

Then,  let  the  planet  pafs  on  for  about  i hours 
59  minutes,  in  which  time  it  will  be  got  to  the 
middle  of  its  apparent  path  on  the  Sun,  and  con- 
fequently  will  then  be  at  its  leaft  apparent  dif- 
tance  from  the  Sun’s  center;  at  which  time,  the 
obferver  muft  take  its  diftance  from  the  Sun’s  cen- 
ter, by  means  of  a good  micrometer,  in  order  to 
afeertain  its  true  latitude  or  declination  from  the 
ecliptic,  and  thereby  find  the  places  of  its  nodes. 

This  done,  there  is  but  little  occafion  to  obferve 
it  any  longer,  until  it  comes  fo  near  the  Sun’s 
weftern  limb,  as  almoft  to  touch  it.  Then  the 
obferver  muft  watch  the  planet  carefully  with  his 
telefcope  : and  his  affiftant  muft  watch  the  clock, 

. fo  as  to  denote  the  precife  moment  of  the  planet’s 
touching  the  Sun’s  limb,  which  the  alTiftant  knows 
by  the  obferver’s  ftriking  a blow  with  his  hammer. 

23.  The  afliftant  muft  be  very  careful  in  ob- 
ferving  what  minute  on  the  Dial-plate  the  minute- 
hand  has  paft,  when  he  has  obferved  the  fecond- 
hand  at  the  inftant  the  blow  was  ftruck  by  the 
hammer;  otherwife,  though  he  be  right  as  to 
the  number  of  feconds  of  the  current  minute,  he 
may  be  apt  to  make  a miftake  in  the  nurnber  of 
minutes. 

24.  To  thofe  places  where  the  tranfit  begins  be- 
fore XII  at  noon,  and  ends  after  it,  Venus  will 
have  an  eaftern  parallax  from  the  Sun  at  the  be- 
ginning, and  a weftern  parallax  from  the  Sun  at 
the  end  ; which  will  contratl  the  duration  of  the 
tranfit,  bycaufing  it  to  begin  later,  and  end  fooner, 
at  thefe  places,  than  it  does  as  feen  from  the  Earth’s 
center;  which  may  be  explained  in  the  following 
manner. 
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In  Fig.  5.  of  Plate  XIV.  let  BMAht  the  Earth, 
^Venus,  and  6*  the  Sun.  The  Earth’s  motion  on 
its  axis  from  weft  to  eaft,  or  in  the  direftion 
AMBy  carries  an  obferver  on  that  fide  contrary 
to  the  motion  of  Venus  in  her  orbit,  which  is  in 
the  diredtion  'UVWy  and  will  therefore  caufe  her 
motion  to  appear  quicker  on  the  Sun’s  difc,  than 
it  would  appear  to  an  obferver  placed  at  the  Earth’s 
center  C,  or  at  either  of  its  poles.  For,  if  Venus 
were  to  ftand  (till  in  her  orbit  at  ^for  twelve  hours, 
the  obferver  on  the  Earth’s  furface  would  in  that 
time  be  carried  from  A to  By  through  the  arc 
AMB.  When  he  was  at  A,  he  would  fee  Venus 
on  the  Sun  at  R 5 when  at  M,  he  would  fee  her  at 
8 ; and  when  he  was  at  By  he  would  fee  her  at  V; 
fo  that  his  own  motion  would  caufe  the  planet  to 
appear  in  motion  on  the  Sun  through  the  line 
RSP : which  being  in  the  direftion  of  her  appa- 
rent motion  on  the  Sun  as  Ihe  moves  in  her  orbit 
UIVy  her  motion  will  be  accelerated  on  the  Sun 
to  this  obferver,  juft  as  much  as  his  own  motion 
would  ftiift  her  apparent  place  on  the  Sun,  if  fhe 
were  at  reft  in  her  orbit  at  V. 

But  as  the  whole  duration  of  the  tranfit,  from 
firft  to  laft  internal  conta6t,  will  not  be  quite  fix 
hours;  an  obferver,  who  has  the  Sun  on  his  meri- 
dian at  the  middle  of  the  tranfit,  will  be  carried 
only  from  a x.o  h during  the  whole  time  thereof. 
And  therefore,  ihe  duration  will  be  much  lefs  con— 
tradled  by  his  own  motion,  than  if  the  planet  were 
to  be  twelve  hours  in  paffing  over  the  Sun,  as  feen 
from  the  Earth’s  center. 


^ 25.  The  nearer  V enus  is  to  the  Earth,  the  greater 
is  her  parallax,  and  the  more  will  the  true  duration 
of  her  tranfit  be  contrafted  thereby;  the  farther 
Ihe  IS  from  the  Earth,  the  contrarv:  fn  rh^r  th/:* 


its  true  auration  at  the  Earth’s  center,  where  it  is 


ere  it  is 
5 hours 
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5 hours  58  minutes,  as  given  by  the  Aftronomical 
tables,  the  parallax  of  Venus  will  be  afcertained. 

26  The_  above  method,  (§  17,  is  much 

the  fame  as  was  prefcribed  long  ago  by  Dodlor 
Halley;  but  the  calculations  differ  confiderably 
from  his ; as  will  appear  in  the  next  article,  which 
contains  a tranflation  of  the  Docftor’s  whole  diiTer- 
tation  on  that  fubjeCt. — He  had  not  computed  his 
own  tables  when  he  wrote  it,  nor  had  he  time 
before-hand  to  make  a (ufficient  number  of  obfer- 
vations  on  the  motion  of  Venus,  fo  as  to  determine 
whether  the  nodes  of  her  orbit  are  at  reft  or  noj 
and  was  therefore  obliged  to  trnft  to  other  tables, 
which  are  now  found  to  be  erroneous. 

ARTICLE  III.  ' 

Containing  DoEior  HalleyV  Dijfertation  on  the  me- 
thod of  finding  the  Su7t' s parallax  and  difiance  from 
th‘e  Earthy  by  the  tranfit  of  Venus  over  the  Sun's 
DiJCi  jvint  the  6th,  1761.  ’Tranfiated  from  the 
Latin  in  Motte’j  Abridgment  of  the  Philofophical 
LranfaEiions,  Vol.  I.  page  243  j with  additional 
notes. 

There  are  many  things  exceedingly  paradoxical, 
and  that  feem  quite  incredible  to  the  illiterate,  • 
which  yet  by  means  of  mathematical  principles 
may  be  eafily  folyed.  Scarce  any  problem  will  ap- 
pear more  hard  and  difficult,  than  that  of  deter- 
' mining  the  diftance  of  the  Sun  from  the  Earth 

very  near  the  truth  ; but  even  this,  when  we  are 
made  acquainted  with  fome  exaft  oblcrvations,  | 
taken  'at  places  fixed  upon,  and  chofen  before-  i 
hand,  will  without  much  labour  be  cffcfted-  And  j 
this  is  what  I am  now  defirous  to  lay  before  this^ 
illuftrious  Society  * (which  1 foretell  will  continue 
for  ages)  that  I may  explain  befor.e-hand  to  young 
Aftronomeis,  who  may  perhaps  live  to  oblerve 

* The  Royal  Society< 
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thefe  things,  a method  by  which  the 'immenfe  dif- 
tance  of  the  Sun  may  be  truly  obtained,  to  within 
a five  hundredth  part  of  what  it  really  is. 

It  is  well  known  that  the  difiance  of  the  Sun 
from  the  Earth  is  by  different  Aftronomers  fup- 
pofed  different,  according  to  what  was  judged  moil: 
probable  from  the  befi  conje61:;ire  that.each  would 
form.  Ptolemy  and  his  followers,  as  alfo  Copernicus 
and  "Tycho  Brahe ^ thought  it  to  be  1200  femidia- 
meters  of  the  Earth  ; Kepler  3500  nearly;  Ricciolus 
'doubles  the  diftance  mentioned  by  Kepler^  and  He- 
velius  on\y  increafes  it  by  one  half.  But  the  pla- 
nets Venus  and  Mercury  having,  by  the  affiftance 
of  the  telefcope,  been  feen  in  the  difc  of  the  Sun, 
deprived  of  their  borrowed  brightnefs,  it  is  at  length 
found  that  the  apparent  diameters  of  the  planots 
. are  much  Icfs  than  they  were  formerly  fuppofed  j 
and  that  the  femidiameter  of  Venus  feen  from  the 
Sun  fubtends  no  more  than  a fourth  part  of  a 
minute,  or  fifteen  feconds,  while  the  femidiameter 
of  Mercury,  at  its  mean  difiance  from  the  Sun, 
is  feen  under  an  angle  only  of  ten  feconds  j that 
the  femidiameter  of  Saturn  feen  from  the  Sun 
appears  under  the  fame  angle  3 and  that  the 
femidiameter  of  Jupiter,  the  largeft  of  all  the 
planets,  fubtends  an  angle  of  no  more  than  a third 
part  of  a minute  at  the  Sun.  Whence,  keeping 
the  proportion,  fome  modern  Aftronomers  have 
thought,  that  the  femidiameter  of  the  Earth,  feen 
from  theSun,  would  fubtend  a mean  angle  between 
that  larger  one  fubtended  by  Jupiter,  and  that 
fmaller  one  fubtended  by  Saturn  and  Mercury; 
and  'equal  to  that  fubtended  by  Venus  (namely, 
fifteen  feconds)  ; and  have  thence  concluded,  that 
the  ^un  is  diftant  from  the  Earth  almoft  14000  of 
the  Earth  s lemidiameters.  But  the  fame  authors 
have  on  another  account  fomewhat  increafed  this 
diftance  : for,  inafmuch  as  the  Moon’s  diameter  is 
a little  more  than  a fourth  part  of  the  diameter  of 
the  Earth,  ifthe  Sun’s  parallax  fhould  be  fuppofed 
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fifteen  feconds,  itwould  follow,  that  the  bodyof  the 
Moon  is  larger  than  thatof  Mercury ; that  is,  that 
a fecondary  planet  would  be  greater  than  a prima- 
ry, which  would  feem  inconfifbent  with  the  uni- 
formity of  the  mundane  fyftem.  And  on  the  con- 
trary, the  fame  regularity  and  uniformity  feems 
fcarcely  to  admit,  that  Venus,  an  inferior  planet, 
that  has  no  fatellite,  fhould  be  greater  than  our 
Earth,  which  ftands  higher  in  the  fyftem,  and  has 
fuch  a fplendid  attendant.  Therefore,  to  obferve 
a mean,  let  us  fuppofe  the  femidiameter  of  the 
Earth  feen  from  the  Sun,  or,  which  is  the  fame 
thing,  the  Sun’s  horizontal  parallax,  to  be  twelve 
feconds  and  a half ; according  to  which,  the  Moon 
will  be  lefs  than  Mercury,  and  the  Earth  larger 
than  Venus  ; and  the  Sun’s  diftance  from  the  Earth 
will  come  out  nearly  16,500  of  the  Earth’s  femi- 
diameters.  This  diftance  I aflent  to  at  prefent,  as 
the  true  one,  till  it  fliall  become  certain  what  it  is, 
by  the  Experiment  which  I propofe.  Nor  am  I 
induced  to  alter  my  opinion  by  the  authority  of 
thofe  (however  weighty  it  may  be)  who  are  for 
placing  the  Sun  at  an  immenfe  diftance  beyond  the 
bounds  here  aftigned,  relying  on  obfervationsmade 
upon  the  vibrations  of  a pendulum,  in  order  to 
determine  thofe  exceedingfmallangles j butwhich, 
as  it  feems,  are  not  fufficient  to  be  depended  upon : 
at  leaft,  by  this  method  of  inveftigaiing  the  paral- 
lax, it  will  come  out  fometimes  nothing,  or  even 
negative  •,  that  is,  the  diftance  would  either  become 
infinite,  or  greater  than  infinite ; which  is  abfurd. 
And  indeed,  to  confefs  the  truth,  it  is  hardly  pof- 
fible  for  a man  to  diftinguifh,  with  any  degree  of 
certainty,  feconds,  or  even  ten  feconds,  with  inftru-  ; 
meijts,  let  them  be  ever  fo  fKilfully  made:  there- 
fore, it  is  not  at  all  to  be  wondered  at,  that  the  ^ 
exceflive  nicety  of  this  matter  has  eluded  the  many  | 
and  ingenious  endeavoursof  fuch  Ikilful  operators.  | 

About  forty  years  ago,  while  I was  in  the  ifland  j 
of  St,  Helena,  obferving  the  flats  about  the  fouth  ^ 
2 pole,  j 
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pole,  I had  an  opportunity  of  obferving,  with  the 
greateft  diligence,  Mercury  paffing  over  the  difc 
of  the  Sun;  and  (which  fucceeded  better  than  I 
could  have  hoped  for)  I obferved,  with  the  greateft 
degree  of  accuracy,  by  means  of  a telefcope  24 
feet  long,  the  very  moment  when  Mercury  enter- 
ing upon  the  Sun  feemed  to  touch  its  limb  within, 
and  alfo  the  moment  when  going  off  it  ftruck  the 
limbof  the  Sun’sdifc,forming  the  angle  ofinterior 
contaft : whence  I found  the  interval  of  time,  dur- 
ingwhich  Mercury  then  appeared  within  the  Sun’s 
difc,  even  without  an  error  of  one  fecond  of  time. 
For  the  lucid  line  intercepted  between  the  dark, 
limb  of  the  planet  and  the  bright  limb  of  the  Sun, 
although  exceeding  fine,  is  feen  by  the  eye ; and 
the  little  dent  made  in,  the  Sun’s  limb,  by  Mer- 
cury’s entering  the  difc,  appears  to  vanifli  in  a 
moment ; and  alfo  that  made  by  Mercury,  when 
leaving  the  difc,  feems  to  begin  in  an  inftant.— 
When  I perceived  this,  it  immediately  came  into 
my  mind,  that  the  Sun’s  parallax  might  be  ac- 
curately determined  by  fuch  kind  of  obfervations 
as  thefe ; provided  Mercury  were  but  nearer  to  the 
Earth,  and  had  a greater  parallax  from  the  Sun  : 
but  the  difference  of  thefe  parallaxes  is  fo  little,  as 
always  to  be  lefs  than  the  folar  parallax  which  we 
feek ; and  therefore  Mercury,  though  frequently 
to  be  feen  on  the  Sun,  is  not  to  be  looked  upon 
as  fit  for  our  purpofe. 

There  remains  then  the  tranfit  of  Venus  over 
the  Sun’s  difc ; whofe  parallax,  being  almoft  four 
times  as  great  as  the  lolar  parallax,  will  caufe  very 
fenfible  differences  between  the  times  in  which 
Venus  will  feem  to  be  paffing  over  the  Sun  at  dif- 
ferent parts  of  the  Earth.  And  from  thefe  differ- 
ences, if  they  be  obferved  as  they  ought,  the 
Sun’s  parallax  may  be  determined  even  to  a fmall 
part  of  a fecond.  Nor  do  we  require  any  other 
inftruments  for  this  purpole,  than  common  tele- 
fcopes  and  clocks,  only  good  of  their  kind ; and 
in  the  obfervers,  nothing  more  is, needful  than  fide- 
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llty,  diligence,  and  a moderate  fkill  in  Aftronomy. 
ror  there  is  no  need  that  the  latitude  of  the  place 
fhould  be  fcrupulouflyobrerved,  nor  that  ihe  hours 
themfelves  fhould  be  accurately  determined  with 
refped  to.the  meridian  : it  is  fufficient  that  the 
clocks  be  regulated  according  to  the  motion  of 
the  heavens,  if  the  times  be  well  reckoned  from  ’• 
the  total  ingrefs  of  Venus  into  the  Sun’s  difc,  to 
the  beginning  of  her  egrefs  from  it ; that  is,  when 
the  dark  globe  of  Venus  firft  begins  to  touch  the 
bright  limb  of  the  Sun  within  j which  moments, 

I know  by  my  own  experience,  may  be  obferved 
within  a fecond  of  time. 

But  on  account  of  the  very  ftrld  laws  by  which 
the  motions  of  the  planets  are  regulated,  Venus  is 
feldom  Teen  within  the  Sun’s  difc  : and  during  the 
courfe  of  more  than  120  years,  it  could  nor  be 
fcen  once ; namely,  from  the  year  1639  (when  this 
moft  pleafing  fight  happened  to  that  excellent 
youth,  Uorrax^  our  countryman,  and  to  him  pnly, 
lince  the  creation)  to  the  year  1761  ; in  which 
year,  according  to  the  theories  which  we  have  j 
hitherto  found  agreeable  to  the  celeftial  motions,  | 
Venus  will  again  pafs  over  the  Sun  on  the*  26th 
of  May^  in  the  morning;  fo  that  at  London,  about 
fix  o’clock  in  the  morning,  we  may  expeft  to  fee 
it  near  the  middle  of  the  Sun’s  difc,  and  not  above 
four  minutes  of  a degree  fouth  of  the  Sun’s  center. 

But  the.  duration  of  this  tranfit  will  be  almoft  eight  > 
hours ; namely,  from  two  o’clock  rn  the  morning 
till  almoft  ten.  Hence  the  ingrefs  will  not  be 
vifible  in  England-,  but  as  the  Sun  will  at  that  % 

time  be  in  the  i6th  degree  of  Gemini,  having  al- 
moft  23  degrees  north  declination,  it  will  be  feen  | 
without  fetting  at  all  in  almoft  all  parts  of  the  I 
north  frigid  zone;  and  therefore  the  inhabitants  I 
of  the  coaft  of  Norway,  beyond  the  z'xiy  of  Nidrofta,  | 

which  is  called  Drontheim,  as  far  as  the  North  I 
Ca^e,  will  be  able  to  oblerve  Venus  entering  the  1 
* The  fixth  of  June,  according  to  the  New  Stile.  a 
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Sun’s  difc;  and  perhaps  the  ingrefs  of  Venus  upon 
the  Sun,  when  rifing,  will  be  I'een  by  the  Scotch,  in 
the  northern  parrs  of  the  kingdom,  and  by  the  in- 
habitants of  thr  Shetlandifes,  formerly  called  V hule. 
But  at  the  time  when  Venus  will  be  neareft  the 
Sun’s  center,  the  Sun  will  be  vertical  to  the  north- 
ern fhores  of  the  bay  of  Bengal,  or  rather  over  the 
kingdom  of  Pegu ; and  therefore  in  the  adj  acent  re- 
gions, as  the  Sun,  when  Venus  enters  his  difc, 
will  be  almofl;  four  hours  toward  the  eaft,  and  as 
many  toward  the  weft  when  (he  leaves  him,  the 
apparent  motion  ofVenuson  the  Sun  will  be  acce- 
lerated by  alrnoft  doublethe  horizontal  parallax  of 
Venus  from  the  Sun  ; becaufe  Venus  at  that  time 
is  carried  with  a retrograde  motion  from  eaft  to 
weft,  while  an  eye  placed  upon  the  Earth’s  furface 
i$  whirled  the  contrary  way,  from  weft  to  eaft 

Suppofing 

* This  has  been  already  taken  nptice  of  in  § 24  ; but  1 lhall 
here  endeavour  to  explain  jt  more  at  large,  together  with  Tome 
of  the  following  part  of  the  Dodtor’s  ElTay,  by  a figure. 

In  Fig.  I . of  Plate  XV.  let  C be  the  center  of  the  Earth,  and 
Z the  center  of  the  Sun.  In  the  right  line  C vZ,  make  <i»Z  to 
CZ  as  726  is  to  1015  (§  12).  Let  acbd  be  the  Earth,  v Ve- 
nus’s place  in  her  orbit  at  the  time  of  her-conjundfion  with  the 
Sun,  and  let 'T5  C/ he  the  bun,  whofe  diameter  is  3 1' 42". 

The  motion  of  Venus  in  her  orbit  is  in  the  diredfion  N^vn 
and  the  Earth’s  motion  on  its  axis  is  according  to  the  order  of 
the  24  hours  placed  around  it  in  the  figure.  Therefore,  fup- 
pofing  the  mouth  of  the  Ganges  to  be  at  G,  when  Venus  as  at 
E in  her  orbit,  and  to  be  carried  from  G to  ^ by  the  Earth’s 
motion  on  its  axis,  while  Venus  moves  from  to  e in  her  orbit ; 
it  is  plain  that  the  motions  of  Venus  and  the  Ganges  are  con- 
trary to  each  other. 

The  true  motion  of  Venus  in  her  orbit,  and  confeqoently 
the  fpace  (he (eems  to  run  over  on  the  Sun’s  ^iTc  in  any  given 
time,  could  be  feen  only  from  the  Earth’s  center  C,  which  is 
at  reft  with  refpedl  to  its  furface.  And  as  fecn  from  C,  her 
path  on  the  Sun  would  be  in  the  right  line  TtU  •,  and  her  mo- 
tion therein  at  the  rate  of  four  minutes  of  a degree  in  an  hour. 
9"  is  the  point  of  the  Sun’s  eaftern  limb  which  Venus  Teems  to 
touch  at  the  moment  of  her  total  ingrefs  on  the  Sun,  as  feen 
from  C,  when  Venus  is  at  E her  orbit ; and  U is  the  point 
of  the  Su  n’s  wcUern  limb  which  (he  feems  to  touch  at  the 
moment  of  her  beginning  of  egrefs  from  the  Sun,  as  feen  from 
C>  when  fhe  is  at  e in  her  orbit. 
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Suppofing  the  Sun’s  parallax  (as  we  have  faid) 
to  be  \i\'\  the  parallax  of  Venus  will  be  Arf'i 
from  which  fubtradling  the  parallax  of  the  Sun, 
there  will  remain  30"  at  leaft  for  the  horizontal 
parallax  of  Venus  from  the  Sun  j and  therefore  the 
motion  of  Venus  will  be  increafed  45"  at  leaft  by 
that  parallax,  while  fhe  paflfes  over  the  Sun’s  difc, 
in  thofe  elevations  of  the  pole  which  are  in  places 
near  the  tropic,  and  yet  more  in  the  neighbour- 
hood of  the  equator.  Now,  Venus  at  that  time 
will  move  on  the  Sun’s  difc,  very  nearly  at  the 
rate  of  four  minutes  of  a degree  in  an  hour;  and 
therefore  ii  minutes  of  time  at  leaft  are  to  be 
'allowed  for  45",  or  three  fourths  of  a minute  of 

a degree  j 


When  the  month  of  the  Ganges  is  at  za  (in  revolving  through 
the  arc  Gmg)  the  Sun  is  on  its  meridian.  Therefore,  lince 
G and  g are  equally  diftant  from  m at  the  beginning  and  end- 
ing of  the  tranfit,  it  is  plain  that  the  Sun  will  be  as  far  eaft  of 
the  meridian  of  the  Ganges  (at  GJ  when  the  tranfit  begins,  as 
it  will  be  weft  of  the  meridian  of  the  fame  place  (revolved 
from  G 10  gj  when  the  tranfit  ends. 

But  although  the  beginning  of  the  tranfit,  or  rather  the 
moment  of  Venus’s  total  ingrefs  upon  the  Sun  at  7“,  as  feen 
from  the  Earth’s  center,  muft  be  when  Venus  is  at  E in  her 
orbit,  becaufe  ftie  is  then  feen  in  the  diredlion  of  the  right  line 
CET‘,  yet  at  the  fame  inftant  of  time,  as  feen  from  the 
Ganges  at  G,  (he  will  be  ftiort  of  her  ingrefs  on  the  Sun,  being 
then  feen  eaftward  of  him,  in  the  right  line  GEK,  which 
makes  the  angle  KET  (equal  to  the  oppofite  angle  GECJ, 
with  the  right  line  GET.  I'his  angle  is  called  the  angle  of 
Venus’s  parallax  from  the  Sun,  which  retards  the  beginning 
of  the  tranfit  as  feen  from  the  banks  of  the  Ganges ; fo  that 
theGangesG,  muft  advance  a little  farther  toward  w,  and  Venus 
muft  move  on  in  her  orbit  from  E to  R,  before  Ihe  can  be  feen 
from  G (in  the  right  line  GRTJ  wholly  within  the  Sun’s 
difc  at  7*. 

When  Venus  comes  to  e in  her  orbit,  ftie  will  appear  at  U, 
as  feen  from  the  Earth’s  center  C,  juft  beginning  to  leave  the 
Sun  ; that  is,  at  the  beginning  of  her  egrefs  from  his  weftern 
limb  : but  at  the  fame  inftant  of  time,  as  feen  from  the  Ganges, 
which  is  then  at  g,  Ihe  will  be  quite  clear  of  the  Sun  toward 
the  weft;  being  them  feen  from  ^ in  the  right  line  which 
makes  an  angle,  as  UeL  (equal  to  the  oppofite  angle 
with  the  right  line  CeUi  and  this  is  the  angle  of  Venus  s 
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a (kgree;  and  by  this  fpace  of  time,  the  duration 
of  this  eclipfe  caufed  by  Venus  will,  on  account 
of  the  parallax,  be  Ihortened.  And  from  this 
fhorteningof  the  timeonly,we  might  fafelyenough 
draw  a conclufion  concerning  the  parallax  which 
we  are  in  fearch  of,  provided  the  diameter  of  the 
Sun,  and  the  latitude  of  Venus,  were  accurately 
known.  But  we  cannot  exped  an  exadt  computa- 
tion in  a'mattcr  of  fuch  fubtilty. 

We  mull  endeavour  therefore  to  obtain,  if  pof- 
fible,  another  obfervation,  to  be  taken  in  thofe 
places  where  Venus  will  be  in  the  middle  of  the 
Sun’s  difc  at  midnight  j that  is,  in  places  under 
the  oppofite  meridian  to  the  former,  or  about  6 
hours  or  90  degrees  weft  of  London-,  and  where 
Venus  enters  upon  the  Sun  a little  before  its  fet- 

parallax  from  the  Sun,  as  feen  from  the  Ganges  at^,  when  fhe 
is  but  juft  beginning  to  leave  the  Sun  at  U,  as  feen  from  the 
Earth’s  center  C. 

Here  it  is  plain,  that  the  duration  of  the  tranlit  about  the 
mouth  of  the  Ganges  (and  alfo  in  the  neighbouring  places) 
will  be  diminilhed  by  about  double  the  quantity  of  Venus’s 
parallax  from  the  Sun  at  the  beginning  and  ending  of  the 
tranfit.  For  Venus  muft  be  at  E in  her  orbit  when  fhe  is 
wholly  upon  the  Sun  at  T,  as  feen  from  the  Earth’s  center  Cz 
but  at  that  time  flie  is  fhortof  the  Sun,  as  feen  from  the  Ganges 
at  G,  by  the  whole  quantity  of  her  eaftern  parallax  from  the 
Sun  at  that  time,  which  is  the  angle  ^£7*.  [This  angle,  ia 
fadl,  is  only  23";  though  it  is  reprefented  much  larger  in  the 
figure,  becaufe  the  Earth  therein  is  a vail  deal  too  big.]  Now, 
as  Venus  moves  at  the  rate  of  4'  in  an  hour,  Ihewill  move  23' 
in  5 minutes  45  fecends:  and,  therefore,  the  tranfit  will  begin 
later  by  5 minutes  45  feconds  at  the  banks  of  the  Ganges  than 

at  the  Earth’s  center. V/hen  the  tranfit  is  ending  at  Z7, 

as  feen  from  the  Earth’s  center  at  C,  Venus  will  be  quite  clear 
of  the  Sun  (by  the  whole  quantity  of  her  wefteraparallax  from 
him)  as  feen  f^rom  the  Ganges,  which  is  then  at  g:  and  this 
parallax  will  be  22",  equal  to  the  fpace  through  which  Venus 
moves  in  5 minutes  30 feconds  of  time:  fo  that  the  tranfit  will 
®ud  5-5  minutes  fooner  as  feen  from  the  Ganges,  than  as  feen 
from  tne  Earth’s  center. 

Hence  the  whole  contraflion  of  the  duration  of  the  tranfit 
at  the  mouth  of  the  Ganges  will  be  ii  minutes  15  feconds  of 
time;  for  it  is  5 minutes  45  feconds  at  the  beginning,  and  c 
minutes  39  feconds  at  the  end. 


^he  Method  of  finding  the  Difiances 

ting,  and  goes  off  a little  after  its  rifing.  And 
this  will  happen  under  the  above-mentioned  meri- 
dian, and  where  the  elevation  of  the  north  pole  is 
about  56  degrees;  that  is,  in  a part  of  Hud/on’s 
Bay,  near  a place  called  Port-Nel/on.  For,  in  this 
and  the  adjacent  places,  the  parallaxof  Venuswill 
increafe  the  duration  of  the  tranfit  by  at  lead  fix 
minutes  of  time;  becaufe,  while  the  Sun,  from 
its  fetting  to  its  rifing,  feems  to  pafs  under  the 
pole,  thofe  places  on  the  Earth’s  difc  will  be  car- 
ried with  a motion  from  eaft  to  weft,  contrary  to 
the  motion  of  the  Ganges  ; that  is,  with  a motion 
confpiring  with  the  motion  of  Venus ; and  there- 
fore Venus  will  feem  to  move  more  flowly  on  the 
Sun,  and  to  be  longer  in  paffmg  over  his  difc*.^^ 


* In  Fig.  I.  of  Plate  XV.  let  aC  be  the  meridian  of  the 
eaftera  mcuth  of  the  and  bC  the  meridian  of  Port- 

Plel/on  at  the  rncuth  of  York  River  in  Hud/on’s  Bay,  56°  north 
latitude.  As  the  meridian  of  the  Ganges  revolves  from  a to  r, 
the  meridian  of  Port -^Net/hn  will  revolve  from  i to  d : there- 
, fore,  while  the  Ganges  revolves  from  G 10  through  the  arc 
" Cmg  Port-Nel/on  revolves  the  contrary  way  (as  feen  from  the 
bun  or  Venus)  from  P to  p through  the  arc 
as  the  motion  of  Venus  is  from  E toe  in  her  orbu,  while  fhe 
feems  to  pafs  over  the  Sun's  difc  in  the  right  line  Tt  V,  as  feen 
from  the  Earth’s  Center  C,  it  is  plain  that  while  the  motion 
of  the  Ganges  is  contrary  to  the  motion  of  Venus  in  her  orbit, 
and  thereby  flioitens  the  duration  of  the  tranfit  at  that  place, 
the  motion  of  Port-Nel/on  is  the  fame  way  as  the  motion  of 
Venus,  and  will  therefore  increafe  the  duration  of  the  iranlit: 
which  may  in  feme  degree  be  illuftrated  by  fu;  pofing,  that 
while  a fliip  is  under  fail,  if  two  birds  flV  along  the  fide  of 
the  fbip  in  contrary  direaions  to  each  other,  the  bira  which 
flies  contrary  to  the  motion  of  the  fliip  will  pals  by  it  fooner 
than  the  bird  will,  which  flies  the  lame  way  that  the  fhip 

In  fine,  it  is  plain  by  the  figure,  that  the  duration  of  the 
tranfit  mull  be  longer  as  feen  from  Port  Eel/on,  than  as  feen 
fri.m  the  Earth’s  center;  and  longer  as  le<  n from  the  Earth  s 

center,  than  as  feen  from  the  mouth  of  the  Ganges  For 

Port  Nel/on  mull  be  at  P,  and  Venus  at  iV  in  her  orbit,  vv-hen 
flie  appeir's  wholly  within  the  Sun  at  T : and  the  lame  p.ace 
murfbeat  p,  and  Venus  at  «,  when  file  appears  at  U,  begin- 
ning to  leave  the  Sun.-The  mult  be  at  G,  and  Venus 
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If  therefore  it  fhould  happen  that  this  tranfit 
fhould  be  properly  obferved  by  ikilful  perfons  at 
both  thefe  places,  it  is  clear,  that  its  duration 
will  be  17  minutes  longer,  as  been  from  Port- 
than  as  feen  from  the  Eaji-Indies.  Nor  is 
it  of  much  confequence  (if  ihtEngliJh  fhall  at  that 
time  give  any  attention  to  this  affair)  whether  the 
obfervation  be  made  at  Fort -George^  commonly 
C2.\\td  Madras,  or  at  Bencoolen  on  the  weftern  fhore 
of  the  ifland  of  Sumatra,  near  the  Equator.  But 
if  the  French  fhould  be  difpofed  to  take  any  pains 
herein,anobferver  may  ftation  himfelf conveniently 
enough  Pondicherry  on  the  weft  fhore  of  the  bay 
of  Bengal,  where  the  altitude  of  the  pole  is  about 
12  degrees.  As  to  the  Dutch,  their  celebrated 
mart  at  Batavia  will  afford  them  a place  of  obferv- 
ation fit  enough  for  this  purpofe,  provided  they 
alfo  have  but  a difpofition  to  affift  in  advancing,  in 
this  particular,  the  knowledge  of  the  heavens. — 
And  indeed  I could  wifh  that  many  obfervations 
of  the  fame  phenomenon  might  be  taken  by  dif- 
ferent perfons  at  feveral  places,  both  that  we  might 
arrive  at  a greater  degree  of  certainty  by  their 
agreement,  and  alfo  left  any  fingle  obferver  fhould 
be  deprived,  by  the  intervention  of  clouds,  of  a 
light,  which  I know  not  whether  any  man  living 
in  this  or  the  next  age  will  ever  fee  again;  and  on 
which  depends  the  certain  and  adequatefolution  of 
a problem  the  moft  noble,  and  at  any  other  time 
not  to  be  attained  to.,  I recommend  it,  therefore, 
again  and  again,  to  thofe  curious  Aftronomers, 
who  (when  I am  dead)  will  have  an  opportunity 
of  obicrving  thefe  things,  that  they  would  remem- 

at  R,  when  fbe  is  feen  from  G upon  the  Sun  at  T ; and  the 
fame  place  muft  he  at  g,  and  Venus  at  r,  when  fhe  begins  to 
leave  the  Sun  at  U,  as  leen  from  g.  So  that  Venus  mult  move 
from  N to  K in  her  orbit,  while  Ihc  is  feen  to  pafs  over  the  Sun 
from  Port-Nelfon  ; from  to  e in  pafling  over  the  Sun,  as  leen 
from  the  Earth’s  center;  and  only  from  R x.o  r while  flic 
pallcs  over  the  Sun,  as  feen  from  the  banks  of  the  Ganges. 

ber 
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her  this  my  admonition, anddiligently  applythem- 
felves  with  all  their  might  to  the  making  this  ob- 
lervation;  and  I earneftly  wilh  them  all  imaginable 
fuccefs ; in  the  firft  place  that  they  may  not,  by 
the  unfeafonable  obfcurity  of  a cloudy  fky,  be  de- 
prived of  this  moft  defirable  fight  j and  then,  that 
having  afcertained  with  more  exadnefs  the  mag- 
nitudes of  the  planetary  orbits,  it  may  redound 
to  their  immortal  fame  and  glory. 

We  have  now  (hewn,  that  by  this  method  the 
Sun’s  parallax  may  be  inveftigated  to  within  its  five 
hundredth  part,  which  doubtlefs  will  appear  won- 
derful to  fome.  But  if  an  accurate  obfervation  be 
made  in  each  of  the  places  above  marked  our,  we 
have  already  demonftrated  that  the  durations  of 
this  eclipfe  made  by  Venus  will  differ  from  each 
other  by  17  minutes  of  time  ; that  is,  upon  a fup- 
pofition  that  the  Sun’s  parallax  is  12^'.  But  if 
the  difference  fhall  be  found  by  obfervation  to  be 
greater  or  lefs,  the  Sun’s  parallax  will  be  greater  . 
or  lefs,  nearly  in  the  fame  proportion.  And  fince 
17  minutes  of  time  are  anfwerable  to  I2|  feconds  . 
of  folar  parallax,  for  every  fecond  of  parallax  there  . 
will  arife  a difference  of  more  than  80  feconds  of 
time;  whence,  if  we  have  this  difference  true  to 
two  feconds,  it  will  be  certain  what  the  Sun’s  pa- 
rallax is  to  within  a 40th  part  of  one  fecond;  and  , 
therefore  his  diftance  will  be  determined  to  within 
its  500dth  part  at  leaft,  if  the  parallax  be  not  . 
found  lefs  than  what  we  have  fuppofed  : for  40  - 
times  i2|  make  500.  _ _ 

And  now  I think  I have  explained  this  matter 
fully,  and  even  more  than  I needed  to  have  done,  ^ 
to  thofe  who  underftand  Aftronomy:  and  I would  ^ 
have  them  take  notice,  that  on  this  occafion,  I 
have  had  no  regard  to  the  latitude  of  Venus,  both 
to  avoid  the  inconvenience  of  a more  intricate  cal-  ^ 
eolation,  which  would  render  the  conclufion  lefs  ^ 
evident ; and  alfo  becaufe  the  motion  of  the  nodes  i 
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of  Venus  is  not  yet  difcovered,  nor  can  be  deter- 
mined but  by  fuch  conjundlions  of  the  planet  with 
the  Sun  as  this  is.  For  we  conclude  that  Venus 
will  pafs  4 minutes  below  the  Sun’s  center,  only 
in  confequence  of  the  fuppofition  that  the  plane 
of  Venus’s  orbit  is  immoveable  in  the  fphere  of 
the  fixed  ftars,  and  that  its  nodes  remain  in  the 
fame  places  where  they  were  found  in  the  year 
1639.  But  if  Venus,  in  the  year  1761,  fhould 
move  over  the  Sun  in  a path  more  to  the  fouth, 
it  will  be  manifeft  that  her  nodes  have  moved 
backward  among  the  fixed  ftars ; and  if  more  to 
the  north,  that  they  have  moved  forward ; and  that 
at  the  rate  of  5!  minutes  of  a degree  in  100  Julian 
years,  for  every  minute  that  Venus’s  path  ftiall  be 
more  or  lefs  diftant  than  the  above  faid  4 minutes 
from  the  Sun’s  center.  And  the  difference  be- 
tween the  duration  of  thefe  eclipfes  will  be  fome- 
what  lefs  than  17  minutes  of  time,  on  account  of 
Venus’s  fouth  latitude  ; but  greater  if  by  the  mo- 
tion of  the  nodes  forward  fhe  ftiould  pafs  on  the 
north  of  the  Sun’s  center. 


j r thofe,  who,  though  they  arc 

delighted  with  fydereal  obfervations,  may  not  yet 
have  made  themfelves  acquainted  with  the'doeftrine 
of  parallaxes,  I chufe  to  explain  the  thing  a little 
more  fully  by  a fcheme,  and  alfo  by  a calculation 
lomewhat  more  accurate. 

Let  us  fuppofe  that  at  London^  in  the  year  1761 
on  the  6th  of  June^  at  55  minutes  after  V in  the 
morning,  the  Sun  will  be  in  Gemini  ic°  W and 
therefore  that  at  its  center  the  ecliptic  is  inclined 
toward  the  north,  in  an  angle  of  6°  10' : and  that 
the  vifible  path  of  Venus  on  the  Sun’s  dife  at 
declines  to  the  fouth,  making  an  angle 
with  the  ecliptic  of  8°  28';  then  the  path  of  Venus 
will  alfo  be  inclined  to  the  fouth,  with  refpea  to 
the  equator,  interfering  the  parallels  of^decli-- 
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nation  at  an  angle  of  2°  1 8'*.  Let  us  alfo  fuppofe, 
that  Venus,  at  the  forementioned  tinne,  will  be  at 
her  leaft  diftance  from  the  Sun’s  center,  viz.  only 
four  minutes  ro  the  fouth ; and  that  every  hour 
Ihe  will  defcribe  a fpace  of  4 minutes  on  the  Sun, 
with  a retrograde  motion.  TheSun’siemidiameter 
will  be  1 5' 5 1"  nearly,  and  that  of  Venus  37 i'". 
And  let  us  fuppofe,  for  trial’s  fake,  that  the  differ- 
ence of  the  horizontal  parallaxes  of  Venus  with  the 
Sun  (which  we  want)  is  31'',  fuch  as  it  comes  out 
if  the  Sun’s  parallax  be  fuppofed  Then, 

on  the  center  C (Plate  XV.  Fig.  2.)  let  the  little 
circle  reprefenting  the  Earth’s  difc,  be  dc- 
fcribed,  and  let  its  femidiameter  CB  be  31";  and 
let  the  elliptic  parallels  of  22  and  56  degrees  of 
north  latitude  (for  the  Ganges  and  Port-Nelfon ) be 
drawn  within  it,  in  the  manner  now  ufed  by  Artro- 
nomers  for  conftrufting  folar  eclipfes.  Let  B Cg 
be  the  meridian  in  which  the  Sun  is,  and  to  this, 
let  the  right  line  FHG^  reprefenting  the  path  of 
Venus,  be  inclined  at  an  angle  of  2*  i8'j  and  let 
it  be  diftant  from  the  center  C 240  fuch  parts, 
whereof  C B is  31.  From  C let  fall  the  right  line 
C Hj  perpendicular  toFG;  and  fuppofe  Venus  to 
be  at  H at  55  minutes  after  V in  the  morning. 
Let  the  right  line  FHG  be  divided  into  the  horary 
fpaces  111  IV,  IVV,  V VI,  &c.  each  equal  zoCH 
that  is,  to  4 minutes  of  a degree.  Alfo,  let  the 
right  line  AM  be  equal  to  the  difference  of  the 


* This  was  an  overfight  in  the  Doftor,  occafioned  by  his 
placing  both  the  Earth’s  axis  BCg  (Fig.  2.  of  Plate  XV.)  and 
the  Axis  of  Venus’s  orbit  C M on  the  fame  fide  of  the  axis  of 
the  ecliptic  CK-,  the  former  making  an  angle  of  6°  lo'  there- 
with, and  the  latter  an  angle  of  8°  28';  tlie  difference  of 
which  angles  is  only  2"  18'.  But  the  truth  is,  that  the  Earth’s 
axis,  and  the  axis  of  Venus’s  orbit,  will  then  lie  on  different 
fides  of  the  axis  of  the  ecliptic,  the  former  making  an  angle 
of  b'’  therewith,  and  the  latter  an  angle  of  8^“.  Therefore, 
the  Aim  of  thefe  angles,  which  is  14}"  (and  not  their  diffc'- 
ence  2°  18')  is  the  inclination  of  Venus’s  vifible  path  to  the 
equator  and  parallels  of  declination. 

apparent 
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apparent  femidiameters  of  the  Son  and  Venus, 
which  is  15'  i3k"i  and  a circle  being  defcribed 
with  the  radius  LiW,  on  a center  taken  m any 
point  within  the  little  circle  yf  ^ reprefenting  the 
Earth’s  difc,  will  meet  the  right  line  FG  in  a point 
denoting  the  time  at  London  when  Venus  fhall 
touch  the  Sun’s  limb  internally,  as  feen  from  the 
place  of  the  Earth’s  furface  that  anfwers  to  the 
point  affumed’in  the  Earth’s  difc.  And  if  a circle 
be  defcribed  on  the  center  C,  with  the  radius  L M, 
it  will  meet  the  right  line  FG,  in  the  points  F and 
G ; and  the  fpaces  FH  and  G Hw'ill  be  each  equal 
to  14  4",  which  fpace  Venus  will  appear  to.  pafs 
over  in  3 hours  40  minutes  of  time  at  London 
therefore,  Fwill  fall  in  II  hours  15  minutes,  and 
Gin  lXhours35minutesinthemorning.  Whence 
it  is  manifcft,  that  if  the  magnitude  of  the  Earth, 
on  account  of  its  immenfe  diftance,  fhould  vanifh 
as  it  were  into  a-  point  5 or,  if  being  deprived  of  a 
diurnal  motion,  it  fhould  always  have  the  Sun  ver- 
tical to  the  fame  point  G;  the  whole  duration  of 
this  eclipfe  would  be  7 hours  20  minutes.  But  the 
Earth  in  that  time  being  whirled  through  1 10  de- 
grees of  longitude,  with  a motion  contrary  to  the 
motion  of  Venus,  and  confequently  the  abovemen- 
tioned  duration  being  contraded,  fuppofe  12  mi- 
nutes, it  will  come  out  7 hours  8 minutes,  or  107 
degrees,  nearly. 

‘Now,  Venus  will  be  at  at  her  lead  diftance 
from  the  Sun’s  center,  when  in  the  meridian  of 
the  eaftern  mouth  of  the  Ganges^^htrt  the  altitude 
of  the  pole  is  about  22  degrees.  The  Sun  there- 
fore will  be  equally  diftant  from  the  meridian  of 
t^at  place,  at  the  moments  of  the  ingrefsand  egrefs 
of  the  planet,  viz.  53I  degrees;  as  the  points  a 
and  b (reprefenting  that  place  in  the  Earth’s  difc 
AB)  are,  in  the  greater  parallel,  from  the  meridian 
BCg.  But  the  diameter  efoi  that  parallel  will  be 
to  the  diftance  arh^  as  the  fquare  of  the  ?adius  to 
the  redangle  under  the  fines  of  53 1 and  68  de- 
grees i 
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grees ; that  is,  as  i'  2"  to  46"  13'".  And  by  a ^ 
good  calculation  (which,  that  I may  not  tire  the 
reader,  it  is  better  to  omit)  I find,  that  a circle  de-  ; 
fcribed  on  as  a center,  with  the  radius  ZAf,  will 
meet  the  right  line  FH  in  the  point  Af,  at  II  hours  ^ 
20  minutes  40  feconds  ; but  that  being  defcribed 
round  ^ as  a center,  it  will  meet  HG  in  the  point  1 
iZat  IX  hours  29  minutes  22  feconds,  according 
to  the  time  reckoned  at  London : and  therefore, 
Venus  will  be  feen  entirely  within  the  Sun  at  the 
banks  of  the  Ganges  for  7 hours  8 minutes  42  fe- 
conds : we  have  then  rightly  fuppofed,  that  the 
duration  will  be  7 hours  8 minutes,  fince  the  part 
of  a minute  here  is  of  no  confequence. 

But  adapting  the  calculation  to  Port-Nelfon,  I 
find,  that  the  Sun  being  about  to  fet,  Venus  will 
enter  hisdifcj  and  immediately  after  hisrifingfhe 
will  leave  the  fame.  That  place  is  carried  in  the 
intermediate  time  through  the  fiemifphere  oppofite 
to  the  Sun,  from  c to  d,  with  a motion  confpiring 
with  the  motion  of  Venus ; and  therefore,  the  ftay 
of  Venus  on  the  Sun  will  be  about  4 minutes 
longer,  on  account  of  the  parallax  ; fo  that  it  will 
be  at  leaft  7 hours  24 minutes,  or  iii  degrees  of 
the  equator.  And  fince  the  latitude  of  the  place 
is  56  degrees,  as  the  fquare  of  the  radius  is  to  the 
rectangle  contained  under  the  fines  55!  and  34 
degrees,  fo  is  A B,  which  is  T 2",  to  cd,  which  is 
28"  33"'.  And  if  the  calculation  be  juftly  made, 
it  will  appear  that  a circle  defcribed  on  c as  a cen- 
ter, with  the  radius  L AT,  will  meet  the  right  line 
Z//  in  O at  II  hours  1 2 minutes  45  feconds  5 and 
that  fuch  a circle,  defcribed  on  as  a center, 
will  meet  HG  in  P,  at  IX  hours  36  minutes  37 
feconds  j and  therefore  the  duration  at  Port-Nelfon 
will  be  7 hours  23  minutes  52  feconds,  which  is 
greater  than  at  the  mouth  of  the  Ganges  by  15 
minutes  10  feconds  of  time.  But  if  Venus  Ihould 
pafs  over  the  Sun  without  having  any  latitude,  the 
difference *would  be  18  minutes  4ofecondsj 
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if  Ihc  (hould  pafs  4'  north  of  the  Sun’s  center,  the 
difference  would  amount  to  21  minutes  4ofeconds, 
and  will  be  ftill  greater,  if  the  planet’s  north  lati- 
tude be  more  increafed. 

From  the  foregoing  hypothefls  it  follows,  that 
at  London^  when  the  Sun  riles,  Venus  will  have 
entered  hisdifcj  and  that,  at  IX  hours  37  minutes 
in  the  morning,  flle  will  touch  the  limb  of  the  Sun 
internally  in  going  off;  and  laftly,  that  (he  will  not 
entirely  leave  the  Sun  till  IX  hours  56  minutesi 
It  likewife  follows  from  the  fame  hypothefis, 
that  the  center  of  Venus  fliould  juft  touch  theSun’s  * 
northern  limb  in  the  year  1769,  ori  the  third  of 
June^  at  XI  o’clock  at  night.  So  that,  on  account 
of  the  parallax,  it  will  appear  in  the  northern  parts 
of  Norivayy  entirely  within  the  Sun,  which  theil 
does  not  fet  to  thofe  parts ; while  on  the  coafts 
of  Peru  and  Chili,  it  wjll  feem  to  travel  over  a fmall 
portion  of  the  dife  of  the  fetting  Sun,  and  over 
that  of  the  rifing  Sun  at  the  Mo/ucca  Ijlands,  and 
in  their  neighbourhood.^ — But  if  the  nodes  ofVe-^ 
nus  be  found  to  have  a retrograde  motion  (as  there 
is  fome  reafon  to  believe  from  fome  later  obferva- 
tions  they  have)  then  Venus  will  be  feen  every 
where  within  the  Sun’s  difc;  and  will  afford  a much 
better  method  for  finding  the  Sun’s  parallax,  by 
almoft  the  grCateft  difference  in  the  duration  of 
thefe  eclipfes  that  can  poffibly  happen* 

But  how  this  parallax  may  be  deduced  from 
obfervations  made  fomewhere  in  the  Eaft-Indies,  in 
the  year  1761,  both  of_the  ingrefs  and  egrefs  of 
Venus,  and  compared  with  thofe  made  in  its  going 
off  with  us,  namely,  by  applying  the  angles  of  a 
triangle  given  in  fpecie  to  the  circumference  of 
three  equal  circles,  (hall  be  explained  on  fome 
other  occafion. 
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ARTICLE  IV. 


Shewing  that  the  whole  method  propofed  by  the  Bodlor 
cannot  be  put  in  pradlice^  and  why. 

27.  In  the  above  Differtation,  the  Doftor  has 
explained  his  method  with  great  modefty,  and  even 
with  fome  doubtfulnefs  with  regard  to  its  full  fuc- 
cefs.  For  he  tells  us,  that  by  means  of  this  tranfir, 
the  Sun’s  parallax  may  only  be  determined  within 
its  five  hundredth  part,  provided  it  be  not  lefs  than 
that  there  may  be  a good  obfervation  made 
at  Port-Neifon,  as  well  as  about  the  banks  of  the 
Ganges  \ and  that  Venus  does  not  pafs  more  than  4 
minutes  of  a degree  below  the  center  of  the  Sun’s 
dife.— Hehastaken  all  properpains  not  to  raifeour 

expe6lationstoohigh,andyet,fromhiswell-khov/n 

abilities,  and  charafter  as  a great  Aftronomer,  it 
feems  mankind  in  general  have  laid  greater  ftrefs 
upon  his  method,  than  he  ever  defired  them  to  do. 
Only,  as  he  was  convinced  it  was  the  beft  method 
by  which  this  important  problem  can  ever  be 
folved,  he  recommended  it  warmly  for  that  reafon. 
He  had  not  then  made  a fufficient  number  of  ob- 
fervations,  by  which  he  could  deterrriine,  with  cer- 
tainty, whether  the  nodes  of  Venus’sorbit  have  any 
motion  5 or  if  they  have,  whether  it  be  back- 
ward or  forward  with  refpeft  to  the  ftars.  And 
confequently,  having  not  then  made  hisown  tables, 
he  was  obliged  to  calculate  from  the  beft  that  he 
could  find.  But  tbofe  tables  allow  of  no  motion  to 
Venus’s  nodes,  and  alfo  reckon  her  conjun(ftion 
with  the  Sun  to  be  about  half  an  hour  too  late. 

ci8.  But  more  modern  obfervations  prove,  that 
the  nodes  of  Venus’s  orbit  have  a motion  back- 
ward, or  contrary  to  the  order  of  the  figns,  with 
refped  to  the  fixed  ftars.  And  this  motion  is  al- 
lowed for  in  the  Dodor’s  tables,  a great  part 
of  which  were  made  from  his  own  oblcrvations. 
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And  it  appears  by  thefe  tables,  that  Venus  will  be 
lb  much  farther  paft  her  defcending  node  at  the 
time  of  this  tranfir,  than  flie.was  paft  her  afcending 
node  at  her  tranfit  in  November,  1639  ; that  inftead 
of  pading  onlyfour  minutes  of  a degree  below  the 
Sun’s  center  in  this,  fhewill  pafs  almoft  lominutes 
of  a degree  below  it : on  which  account,  the  line 
of  her  tranfit  will  be  fo  much  fhortened,  as  v/ill 
make  her  paffage  over  the  Sun’s  difc  about  an 
hour  and  10  minutes  lefs  than  if  fhe  paflTed  only 
4 minutes  below  the  Sun’s  center  at  the  middle  of 
her  tranfit.  And  therefore,  her  parallax  from  the 
Sun  will  be  fo  much  diminilhed,  both  at  the  be- 
ginning and  end  of  her  tranfit,  and  at  all  places 
from  which  the  whole  of  it  will  be  feen,  that  the 
difference  of  its  durations,  as  feen  from  them,  and 
as  fuppofed  to  be  feen  from  the  Earth’s  center,  will 
not  amount  to  n minutes  of  time. 

29.  But  this  is  not  all : for  although  the  tranfit 
will  begin  before  the  Sun  (ex.s>to  Port^Nelfon,  itwill 
be  quite  over  before  he  rifes  to  that  place  next 
morning,  on  account  of  its  ending  fo  much  fooner 
than  as  given  by  the  tables  to  which  the  Doftor 
was  obliged  to  truft.  So  that  we  are  quire  de- 
prived of  the  advantage  that  otherwife  would  have 
arifen  from  obfervations  made  at  Pcrt-Nelfon. 

30.  In  order  to  trace  this  affair  through  all  its 
intricacies,  and  to  render  it  as  intelligible  to  the 
reader  as  I can,  there  will  be  an  unavoidable  ne- 
ceffityofdwelling  much  longer  upon  it  than  I could 
otherwife  wifii.  And  as  it  is  impoffible  to  lay 
down  truly  the  parallels  of  latitude,  and  the  fitua- 
tions  of  places  at  particular  times,  in  fuch  a fmall 
difc  of  the  Earth  as  muft  be  projected  in  fuch  a 
fort  of  diagram  as  the  Do6lor  has  given,  fo  as  to 
mcafure  thereby  the  exa£t  times  of  the  beginning 
and  enduing  of  the  tranfit  at  any  given  place,  unlefs 
the  Sun  s difc  be  made  at  leaft  30  inches  diameter 
in  the  projedlion,  and  to  which  the  Dodtor  did  not 
quite  truft  without  making  fome  calculations;  I 
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fhall  take  a different  method  j in  which  the  Earth’s 
difc  may  be  made  as  large  as  the  operator  pleafes : 
but  if  he  makes  it  only  6 inches  in  diameter,  he 
may  meafure  the  quantity  of  Venus’s  parallax  from 
the  Sun  upon  it,  both  in  longitude  and  latitude, 
to  the  fourth  part  of  a fecond,  for  any  given  time 
and  place  j and  then,  by  an  eafy  calculation  in  the 
common  rule  of  three,  be  may  find  the  effedt  of 
the  parallaxes  on  the  duration  of  the  tranfir.  In 
this,  1 fball  firft  fuppofe  with  the  Doflor,  that  the 
Sun’s  horizontal  parallax  is  1 24.";  and  confcquently, 
that  Venus’s  horizontal  parallax  from  the  Sun  is 
31".  And  after  projefting  the  tranfit,  fo  as  to  find 
the  total  effedt  of  the  parallax  upon  its  duration, 
I fhall  next  fhev/  how  nearly  the  Sun’s  real  parallax 
may  be  found  from  the  obferved  intervals  between 
the  times  of  Venus’s  egrefs  from  the  Sun,  at  par- 
ticular places  of  the  Earth*,  which  is  the  method 
now  taken  both  by  the  Englijh  and  French  Aftro- 
nomers,  and  is  a furer  way  whereby  to  come  at  the 
real  quantity  of  the  Sun’s  parallax,  than  by  obferv- 
ing  how  much  the  whole  contraftion  of  duration 
of  the  tranfit  is,  either  at  Bencoolen^  Batavia^  or 
Pondicherry.  , 
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Shewinghow  tofrojeB  the  tranfit  of  Venus  on  the  Suns 
difcyasfeen  from  different  places  of  the  Earth -Je  as 
to  find  what  its  vifible  duration  mufi  be  at  any  given 
place^  according  to  any  affumed parallax  of  the  Sun ; 
and  from  the  obferved  intervals  between  the  times  of 
Venus's  egrefs  from  the  Sun  at  particular  places  ^ to 
find  the  Sun's  true  horizontal  parallax. 

31.  The  elements  for  this  projeflion  are  as  fol- 
lows  • 

I.  The  true  time  of  conjunflion  of  the  Sun  and 
Venus ; which,  as  feen  from  the  Earth’s  center, 
and  reckoned  according  to  the  equal  time  at 
1 ¥ Lofido^0 
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^London,  is  on  the  6th  of  June  1761,  at  46  mi- 
nutes 17  feconds  after  V in  the  morning,  accord- 
ing to  Dr.  Halley’j  tables. 

II.  The  geocentric  latitude  of  Venus  at  that  time, 
o'  43"  fouth. 

Ilf.  The  Sun’s  femidiameter,  15' 50". 

IV.  The  femidiameter  of  Venus  (from  theDodor’s 
Diflertation)  37^^^ 

V.  The  difference  of  the  femidiameters  of  the 
Sun  and  Venus, 

VI.  Their  fum,  16'  ^'J^' . 

VII.  Thevifible  angle  which  the  tranfit-line  makes 
with  the  ecliptic,  8°  3i'j  the  angiilar  point  (or 
defeendingnode)  being' 1®  6'  1 8"  eaft ward  from- 
the  Sun,  as  feen  from  the  Earth  ; the  defeend- 
ing  node  being  in  t 14®  29'  as  feen  from 

. the  Sunj  and  the  Sun  in  n 15°  35'  as 
feen  from  the  Earth. 

VIII.  The  angle  which  the  Axis  of  Venus’s  vifible 
path  makes  with  the  axis  of  the  ecliptic,  8°  31'; 
the  fouthern  half  of  that  axis  being  on  the  lefc 
hand  for  eaftward)  of  the  axis  of  the  ecliptic, 
as  feen  from  the  northern  hemifpherc  of  the 
Earth,  which  would  be  to  the  right  hand,  as 
feen  from  the  Sun, 

IX.  The  angle  which  the  Earth’s  axis  makes  with 

the  axis  of  the  ecliptic,  as  feen  from  the  Sun 
6?;  the  fouthern  half  of  the  Earth’s  axis  lying 
to  the  right  hand  of  the  axis  of  the  ecliptic,  in 
the  projeftion,  which  would  be  to  the  left  hand 
as  feen  from  the  Sun.  - * 

X.  The  angle  which  the  Earth’s  axis  makes  with 
the  axis  of  Venus’s  vifible  path,  14°  ?i'. 

the  fum  of  N®  VIII.  and  IX.  ^ 

XI.  The  true  motion  of  Venus  on  tUt  Sun,  given 
by  the  tables  as  if  it  were  feen  from  the  Earth’s 
center,  4 minutes  of  a degree  in  6q  minutes  of 
time. 
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32.  Thefe  elements  being  collected,  make  a 
fcale  of  any  convenient  length,  as  that  of  Fig.  i. 
in  Plate  XVI.  and  divide  it  into  17  equal  parts, 
each  of  which  (hall  be  taken  for  a minute  of  a de- 
gree ; then  divide  the  minute  next  to  the  left 
hand  into  60  equal  parts  for  feconds,  by  diagonal 
lines,  as  in  the  figure.  The  reafon  for  dividing 
the  fcale  into  17  parts  or  minutes  is,  becaufe  the 
fum  of  the  femidiameters  of  the  Sun  and  Venus 
exceeds  16  minutes  of  a degree.  See  N"  VI. 

33.  Draw  the  right  line  ACG  (Fig.  2.)  for  a 
fmall  part  of  the  ycliptic,  and  perpendicular  to  it 
draw  the  right  line  CvE  for  the  axis  of  the  ecliptic 
on  the  fouthern  half  of  the  Sun’s  dife. 

34.  Take  the  Sun’s  femidiameter,  15'  50'’,  from 
the  fcale  with  your  compaffes ; and  with  that  ex- 
tent, as  a radius,  fet  one  foot  in  C as  a center, 
and  deferibe  the  femicircle  AEG  for  the  fouthern 
half  of  the  Sun’s  dife  ; becaufe  the  tranfit  is  on 
that  half  of  the  Sun.  _ 

35.  Take  the  geocentric  latitude  of  Venus,  9' 
43’',  from  the  fcale  with  your  compafles;  and  fet 
that  extent  from  Cto  t;,  on  the  axis  of  the  ecliptic: 
and  the  point  v (hall  be  the  place  of  Venus’s  cen- 
ter on  the  Sun,  at  the  tabular  moment  of  her  con- 
junftion  with  the  Sun. 

. 36.  Draw  the  right  line  CBB,  making  an  angle 

of- 8°  31' with  the  axis  of  the  ecliptic,  toward 
the  left  hand  ; and  this  line  fliall  reprclent  the  axis 
^f  Venbs’s  geocentric  vifible  path  on  the  Sun. 

37.  Through  the  point  of  the  conjunction  v,  in 
the  axis  of  the  ecliptic,  draw  the  right  line  y/r  for 
•the  g-eocentfic  vifible  path  of  Venus  over  the  Sun’s 
rlilc,  at  right  angles  to  CBD^  the  axis  of  her  orbit, 
which  axis  \V’ill  divide  the  line  of  her  path,  into 
two  equal  parts  7/ and /r. 

38..->Takc  Venus’s  horary  motion  on  the  Sun, 
’ 4',  from  the  fcale  with  your  compalies ; and  with 
that  extent  make  marks  along  the  tranlic  line  j/r. 
1 he  equal  fpaecs,  from  mark  to  mark,  (hew  how 
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much  of  that  line  Venus  moves  through  in  each 
hour,  as  fecn  from  the  Earth’s  center,  during  her 
continuance  on  the  Sun’s  difc. 

39.  Divide  each  of  thefe  horary  fpaces,  from 
mark  to  mark,  into  60  equal  parts  for  minutes  of 
lime  j and  fet  the  hours  to  the  proper  marks  in  fuch 
a manner,  that  the  true  time  of  conjundlion  of  the 
Sun  and  Venus,  46I  minutes  after  V in  the  morn- 
ing, may  fall  into  the* point  -y,  where  the  tranfit- 
line  cuts  the  axis  of  the  ecliptic.  So  the  point  v 
lhall  denote  the  place  of  Venus’s  center  on  the 
Sun,  at  the  inftant  of  her  ecliptical  conjundlion 
with  the  Sun,  and  ^ (in  the  axis  CtD  of  her  orbit) 
will  be  the  middle  of  her  tranfit;  which  is  at  24 
minutes  after  V in  the  morning,  as  feen  from  the 
Earth’s  center,  and  reckoned  by  the  equal  time  at 
London. 

40.  Take  the  difference  of  the  femidiarrieters  of 
the  Sun  and  Venus,  15’  i2'’|,  in  your  compaffcs 
from  the  fcale  j and  with  that  extent,  fetting  one 
foot  in  the  Sun’s  center  C,  defcribe  the  arcs  iVand 
L with  the  other,  croffing  the  tranfit-line  in  the 
points  k and  I ; which  are  the  points  on  the  Sun’s 
difc  that  are  hid  by  the  center  of  Venus  at  the  mo- 
ments of  her  tv/o  internal  contails  with  the  Sun’s 
limb  or  edge,  at  Af  and  N : the  former  of  thefe  is 
the  moment  of  Venus’s  total  ingrefs  on  the  Sun, 
as  fecn  from  the  Earth’s  center,  which  is  at  28 
minutes  after  II  in  the  morning,  as  reckoned  at 
London:  and  the  latter  is  the  moment  when  her 
egrels  from  the  Sun  begins,  as  feen  from  the  Earth’s 
center,  which  is2ominutes  after  VIII  in  the  morn- 
ing at  London.  The  interval  between  thefe  two 
contacts  is  5 hours  52  minutes. 

41.  The  central  ingrefs  of  Venus  on  the  Sun  is 
the  moment  when  her  center  is  on  the  Sun’s  eaftern 
limb  at  which  is  at  15  minutes  after  II  in  the 
morning;  and  her  central  egrefs  from  the  Sun  is 
the  moment  when  her  center  is  on  the  Sun’s  weftern 
limb  at  w\  which  is  at  33  minutes  after  Vlli  in 
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the  morning,  as  feen  from  the  Earth’s  center,  and 
reckoned  according  to  the  time  at  London.  The 
interval  between  thefe  times  is  6 hours  1 8 minutes, 

42.  Take  the  fum  of  the  femidiameters  of  the 
Sun  and  Venus,  i6-  if'i,  in  your  compaffes  from 
the  fcale ; and  with  that  extent,  fetting  one  foot  in 
the  Sun’s  center  C,  defcribe  the  arcs  ^and  R with 
the  other,  cutting  the  tranfit-line  in  thepoints  q and 
r,  which  are  the  points  in  open  fpace  (clear  of  the 
Sun)  where  the  center  of  Venus  is,  at  the  moments 
of  her  two  external  contads  with  the  Sun’s  limb 
at  S and  JV ; or  the  moments  of  the  beginning  and 
ending  of  the  tranfit,  as  feen  from  the  Earth’s  cen^ 
ter;  the  former  of  which  is  at  3 minutes  after  II  in 
the  morning  at  London^  and  the  latter  at  45  mi-: 
nutes  after  VIII.  The  interval  between  th^fe  rnoi 
ments  is  6 hours  42  minutes. 

43.  Take  the  femidiameter  of  Venus  37’-|,  in 
your  compaffes  from  the  fcale  : and  with  that  ex- 
tent as  a radius,  on  the  points  q,  ky  /,  /,  r,  as  cen- 
ters, defcribe  the  circles  HSy  MR  OFy  PNy  WTy 
for  the  dife  of  Venus,  at  her  firft  contad  at  Sy  her 
total  ingrefs  at  My  her  place  on  the  Sun  at  the 
middle  of  her  tranfit,  her  beginning  of  egrefs  at  iV, 
and  her  laft  contad  at  W. 

44.  Thofewho  havea  mind  to  projed  the  Earth’s 
dife  on  the  Sun,  round  the  center  C,  and  to  lay 
down  theparallelsoflatitudeandfituationsofplaces 
thereon,  according  to  Dr,  Halley’s  method,  may 

''draw  C /for  the  axis  of  the  Earth,  produced  to  the 
fouthern  edge  of  the  Sun  at  /;  and  making  an 
angle  ECf  oi  6°  with  the  axis  of  tfie  ecliptic  C E: 
but  he  will  find  it  very  difficult  and  uncertain  to 
mark  the  places  on  that  dife,  unlcfs  he  makes  the 
Sun’s  femidiameter  yfC  15  inches  at  leaft;  other- 
wife  the  line  Cf  is  of  no  ufe  at  all  in  this  projec- 
tion.—rThe  following  method  is  better. 

45.  In  Fig.  3.  of  Plate  XVI.  make  the  line  AB 
of  any  convenient  length,  and  divide  it  into  31 
equal  parts,  each  of  which  may  be  taken  for  a fecond 
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of  Venus’s  parallax  either  from  or  upon  the  Sun 
(her  horizontal  parallax  from  the  Sun  being  fup- 
pofed  to  be  5i^0>  and  taking  the  whole  length 
/i B your  compafles,  fet  one  foot  in  C (Fig.  4.) 
as  a center,  and  defcribe  the  circle  AEBI)  for  the 
Karth’senlightendeddirc,whofediamcteris62'',or 
double  the  horizontal  parallax  of  Venus  from  the 
Sun.  In  this  difc,  draw  yfC.8  for  a fmall  part  of 
the  ecliptic,  and  at  right  angles  to  it  draw  E CD 
for  the  axis  of  the  ecliptic.  Draw  alfo  JVCS  both 
for  the  Earth’s  axis  and  univerfal  folar  meridian, 
making  an  angle  of  6°  with  the  axis  of  the  ecliptic, 

3S  feen  from  the  Sun  ; HClfor  the  axis  of  Venus’s 
orbit,  making  an  angle  of  8°  31'  with  E CD,  the 
axis  of  the  ecliptic  j and  laftly,  VCO  for  a fmall 
part  of  Venus’s  orbit,  at  right  angles  to  its  axis. 

46.  This  figure  reprefents  the  Earth’s  enlight- 
ened difc,  as  feen  from  the  Sun  at  the  time  of  the 
tranfir.  The  parallels  of  latitude  of  London,  the 
.eaftern  mouth  of  the  Ganges,  Bencoolen,  and  the 
ifiand  of  St.  Helena,  are  laid  down  in  it,  in  the 
fame  manner  as  they  would  appear  to  an  obferver 
pn  the  Sun,  if  they  were  really  drawn  in  circles  on 
the  Earth’s  furfagc  (like  thofe  on  a common  ter- 
reftrial  globe)  and  could  be  vifible  at  fuch  a dif- 
tance.— The  method  of  delineating  thefe  parallels 
is  the  fameas  already  defcribed  in  theXIXth Chap- 
ter, for  the  conftruftion  of  folar  eclipfes. 

47.  The  points  where  the  curve-lines  (called 
hour-circles)  XI  XH,  &c.  cut  the  parallels  of 
latitude,  or  paths  of  the  four  places  above  men- 
tioned, are  the  points  at  which  the  places  them- 
felves  would  appear  in  the  difc,  as  feen  from  the 
Sun,  at  thefe  hours  rclpedtivcly,  V^hen  either 
places  comes  to  the  folar  meridian  NCS  by  the 
Earth’s  rotation  on  its  axis,  it  is  noon  at  that  place  ; 
and  the  difference,  in  abfdute  time,  between  the 
noon  4t  that  place  and  the  poon  at  any  other  place, 
is  in  proportion  to  the  difference  of  longitude  of 
thefe  two  places,  reckoning  one  hour  for  every  i ^ 
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degrees  of  longitude,  and  4 minutes  for  each  de- 
gree : adding  the  time  if  the  longitude  be  eaft, 
but  fubtrafting  it  if  the  longitude  be  weft. 

48.  The  diftance  of  cither  of  thefc  places  from 
HCI  (the  axis  of  Venus’s*  orbit)  at  any  hour  or 
part  of  an  hour,  being  meafured  upon  the  fcale 

in  Fig.  3.  will  be  equal  to  the  parallax  of 
Venus  from  the  Sun  in  the  diredion  of  her  path  •, 
and  this  parallax,  being  always  contrary  to  the  po- 
ficion  of  the  place,  is  eaftward  as  long  as  the  place 
keeps  on  the  left  hand  of  the  axis  of  the  orbit  of 
Venus,  as  feen  from  the  Sun  j and  weftward  when 
the  place  gets  to  the  right  hand  of  tf)at  axis.  So 
that,  to  all  the  places  which  are  pofited  in  the  he- 
mifphere  HVl  oi  the  dife,  at  any  given  time, 
Venus  has  an  eaftern  parallax;  but  when  the 
Earth’s  diurnal  motion  carries  the  fume  places  into 
the  hemirphere  HOf  the  p*arallax  of  Venus  is 
weftward. 

49.  When  Venus  has  a parallax  tow'ard  the  eaft, 
as  Iccn  from  any  given  place  on  the  Earth’s  fur- 
face,  either  at  the  time  of  her  total  ingrefs  or  be- 
ginning of  egrefs,  as  feen  from  the  b arth’s  center  ; 
add  the  time  anfwering  to  this  parallax  to  the  time 
of  ingrefs  or  egrefs  at  the  Earth’s  center,  and  the 
lum  will  be  the  time,  as  ieen  from  the  given  place 
on  the  Earth’s  furface  ; but  when  the  parallax  is 
weftward,  fubtrad  the  time  anfweringtothisparal- 
lax  from  the  time  of  total  ingrefs  or  beginning  of 
egrefs,  as  feen  from  the  Earth’s  center,  and  the  re- 
mainder, will  be  the  time,  as  feen  from  the  given 
place  on  the  furface,  fo  far  as  it  is  afftded  by  this 
parallax. — The  icalon  of  this  is  plain  to  every  one 

• In  a former  edition  of  this,  1 made  a miftake,  in  taking 
the  parallax  in  longin.de  ir.Ilead  of  the  parallax  in  the  direc- 
tion of  the  orbit  ot  Venus  ; and  the  parallax  in  latitude  in- 
licad  of  the  parallax  in  lines  perpendicular  to  her  orbit.  — But 
, in  this  edition,  theie  errors  are  corrctHed  ; which  make  feme 

linali  differences  in  the  quantities  of  the  parallaxes,  and  in 
the  times  depending  on  them;  as  will  appear  by  comparing 
theiii  ir.  tnis  with  ihole  in  the  former  edition. 
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'who  cenfiders,  that  an  eaftern  parallax  keeps  the 
planet  back,  and  a weitern  parallax  carries  it  for- 
ward, with  refpedl  to  its  true  place  or  pofuion,  at 
any  inftant  of  time,  as  feen  from  the  Earth’s  center. 

50.  The  neareftdiftance  of  any  given  place  from 
VCO^  the  plane  of  Venus’s  orbit  at  any  hour  or 
part  of  an  hour,  being  meafured  on  the  fcale  ,iB 
in  Fig.  3.  will  be  equal  to  Venus’s  parallax  in  lines 
perpendicular  to  her  path  ; which  is  northward 
from  the  true  line  of  her  path  on  the  Sun,  as  feen 
from  the  Earth’s  center,  if  the  given  place  be  on  the 
fouth  fide  of  the  plane  of  her  orbit  V CO  on  the 
Flarth’s  difc  ; and  the  contrary,  if  the  given  place 
be  on  the  north  fide  of  that  plane;  that  is,  the  paral- 
lax is  always  contrary  to  the  fituationof  the  place  on 
the  Earth’s  difc,  with  refpedt  to  the  plane  of  Ve- 
nus’s orbit  on  it. 

51.  As  the  line  of  Venus’s  tranfit  is  on  the 
fouthero  hemifphere  of  the  Sun’s  difc,  it  is  plain 
that  a northern  parallax  will  caufe  her  to  defcribe 
a longer  line  on  the  Sun,  than  Ihe  would  if  Ihe 
had  no  fuch  parallax  ; and  a fouthern  parallax  will 
caufe  her  to  defcribe  a ftiorter  line  on  the  Sun,  than 
if  (he  had  no  fuch  parallax. — And  the  longer  this 
line  is,  the  fooner  will  her  total  ingrefs  be,  and  the 
later  will  be  her  beginning  of  egrcfs  ; and  juft  the 
contrary,  if  the  line  be  fhorter, — But  to  all  places 
fituated  on  the  north  fide  of  the  plane  of  her  orbit, 
in  the  hemifphere  VHO,  the  parallax  in  lines  per- 
pendicular to  her  orbit  is  fouth;  and  to  all  places 
fituated  on  the  fouth  fid-e  of  the  plane  of  her  orbit, 
in  the  hemifphere  VIO,  this  parallax  is  north. 
Therefore,  the  line  of  Ihe  tranfit  will  be  fhorter 
to  all  places  in  the  hemifphere  VHO^  than  it 
will  be,  as  Icen  from  the  Earth’s  center,  where 
there  is  no  parallax;  and  longer  to  all  places  in 
the  hemifphere  VIO,  So  that  the  time  anfwering 
to  this  parallax  muft  be  added  to  the  time  of  total 
ingrefs, as  feen  Irom  the  Earth’scenter,and  fubtradl- 
ed  from  the  beginning  of  egrefs,  as  feen  from  the 
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Earth  s center,  in  order  to  have  the  true  tiinc  of 
total  ingrefs  and  beginning  of  egrefs  as  feen  from 
places  in  the  hemifphere  VHO:  and  juft  thereverfe 
for  places  in  the  hemifphere  E/0.— It  was  proper  to 
mention  thefe  circumftances,  for  the  reader’s  more 
eafily  conceiving  the  reafon  of  applying  the  times 
anfwering  to  thefe  parallaxes  in  the  fubfequent  part 
of  this  article:  for  it  is  their  fum  in  fome  cafes, 
and  their  difference  in  others,  which  being  applied 
to  the  times  of  total  ingrefs  and  beginning  of 
egrefs,  as  feen  from  the  Earth’s  center,  that  will 
give  the  limes  of  thefe  phenomena  as  feen  from 
given  places  on  the  Earth’s  furface, 

52.  The  angle  which  the  Sun’s  femidiameter 
fubtends,  as  feen  from  the  Earth,  at  all  times  of 
the  year,  has  been  fo  well  afeertained  by  late  ob- 
fervations,  that  we  can  make  no  doubt  of  its  being 
1 5' 50"  on  the  day  of  the  tranfit;  and  Venus’s  lati- 
tude has  alfo  been  fo  well  afeertained  at  many  dif- 
ferent times  of  late,  that  we  have  very  good  rea^ 
fan  to  believe  it  will  be  9'  43''  fouth  of  the  Sun's 
center,  at  the  time  of  her  conjundtion  with  the 
Sun. — If  then  her  femidiameter  at  that  time  be 
Zl"k  (as  mentioned  by  Dr.  Hallf.y)  it  appears 
by  the  projeftion  (Fig.  2.)  that  her  total  ingrefs  on 
the  Sun,  as  feen  from  the  Earth’s  center,  will  be 
at  28  minutes  after  II  in  the  morning  (§  40.),  and 
her  beginning  of  egrefs  from  the  Sun  will  be  2Q 
minutes  after  VIII,  according  to  the  time  reckon- 
ed at  fondon, 

53.  As  the  total  ingrefs  will  not  be  viftble  at 
London^  we  ftiall  not  here  trouble  the  reader  about 
Venus’s  parallax  at  that  time. — But  by  projeding 
the  fituation  of  London  on  the  Earth’s  dife  (Fig.4.) 
for  the  time  when  the  egrefs  begins,  we  find  it  will 
then  be  at  /,  as  feen  from  the  Sun. 

Draw  Id  parallel  to  Venus’s  orEit  VCO-^  and  lu 
perpendicular  to  it:  the  former  is  Venus’s  caftern 
parallax  in  the  diredion  of  her  path  at  the  begin- 
ning of  her  egrefs  from  the  fun,  and  the  latter  is 
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ker  fouthern  parallax  in  a dircdlion  at  right  angles 
to  her  path  at  the  fame  time.  Take  thefe  in  your 
compafles,  and  meafure  them  on  the  fcale^5 
(Fig.  3.)  ahd  you  will  find  the  former  parallax  to 
be  latter  2i"4* 

54.  As  Venus’s  true  motion  on  the  Sun  Is  at  the 
rate  of  4 minutes  of  a degree  in  60  minutes  of 
time  (See  N°  XI.  of  ^ 31.)  fay,  as  4 minutes  of  a 
degree  is  to  60  minutes  of  time,  fo  is  of  a 
degree  to  1 minutes  41  feconds  of  time  j which 
being  added  to  VIII  hours  20  minutes  (becaufe 
this  parallax  is  eaftward,  § 49.)  gives  VIII  hours 
22  minutes  41  feconds,  for  the  beginning  of  egrefs 
at  London^  as  affefted  only  by  this  parallax. — But 
as  Venus  has  a fouthern  parallax  at  that  time,  her 
beginningof  egrefs  will  be  fooner;  for  this  parallaxS 
fliortens  the  line  of  her  vifible  tranfit  at  London. 

55.  Take  thediftance  C?  (Fig.  2.),  or  neareftap- 
proach  of  the  centers  of  the  Sun  and  Venus,  in  your 
compafies,  and  meafure  it  on  the  fcale  (Fig.  i.), 
and  it  will  be  found  to  be  9'  36"4- ; and  as  the  pa- 
rallax of  Venus  from  the  fun  in  a diredlion  which  is 
at  right  angles  to  her  path  is  21'%  fouch,  add  it  to 
9'  36' and  the  fum  will  be  9'  58";  which  is  to 
be  taken  from  the  fcale  in  Fig.  i.  and  fet  from  C 
to  L in  Fig.  2.  And  then,  if  a line  be  drawn  pa- 
rallel to//,  itwill  terminate  at  the  pointy  in  thearc 
iT,  where  Venus’s  center  will  beat  the  beginningof 
her  egrefs,  as  feen  from  London*. — But  as  her  center 
is  at  / when  her  egrefs  begins  as  feen  from  the 
Earth’s  center,  take  Lp  \n  your  compafles,  and 
fetting  that  extent  from  t toward  / on  the  central 
tranfit-line,  you  will  find  it  to  be  5 minutes  fhorter 
than //.-therefore  fubtraft  sminutesfromVlH  hours  " 
22  minutes  41  feconds,  and  there  will  remain  VIII 


^ oLp.aBb.c  t,  and  / h,  which  are 
'the  vifible  tranfits  at  London,  the  Ganges  mouth,  BenColen,  and 
Helena,  are  not  parallel  to  the  central  tranfit  line  ktl,  is, 
becaufe  the  parallaxes  in  latitude  are  different  at  the  times  of 
ingrefs  and  egrefs,  as  feen  from  each  of  thefe  places.  The 
method  of  drawing  thefe  lines  will.be  Ihewn  hy  and  by. 
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hours  1 7 minutes  41  feconds  for  the  vifible  begin- 
ning of  egreis  in  the  morning  at  London. 

56.  At  V hours  24  minutes  (which  is  the  mid- 
dle of  the  tranfit,  as  feen  from  the  Earth’s  center) 
London  will  be  at  L oft  the  Earth’s  difc  (Fig.  4.) 
as  feen  from  the  Sun.  The  parallax  of  Venus 
from  the  Sun  in  the  diredlion  of  her  path  is  then 
12"1;  by  which,  working  as  above  direfted,  we 
find  the  middle  of  the  tranfir,  as  feen  from  London, 
will  be  at  V hours  20  minutes  53  feconds. — This 
is  not  affeded  hy  Lt  the  parallax  at  right  angles  to 
the  path  of  Venus.  — But  Lt  meafures  27"  on  the 
fcaley^ B (Fig.3.)  : therefore  take  27'Trom  thefcale 
in  Fig.  I.  and  fet  it  from  / to  L,  on  the  axis  of 
Venus’s  path  in  Fig.  1.  and  laying  a ruler  to  the 
pointZi,  and  the  above  found  point  of  egrefs  p,  draw 
oLp  for  the  line  of  the  tranfit  as  feen  from  London. 

57.  The  eaftern  mouth  of  the  river  Ganges  is  89 
degrees  eaft  from  the  meridian  of  London  \ and 
therefore,  when  the  time  at  London  is  28  minutes 
after  II  in  the  moring  (§  40.)  it  is  24  minutes  paft 
VIII  in  the  morning  (by  § 47)  at  the  mouth  of 
the  Ganges-,  and  when  it  is  20  minutes  paft  VIII 
in  the  morning  at  London  (§  40.)  it  is  16  minutes 
paft  II  in  the  afternoon  at  the  Ganges.  Therefore, 
by  projefting  that  place  upon  the  Earth’s  difc,  as 
feen  from  the  Sun,  it  will  be  at  G (in  Fig.  4.)  at 
the  time  of  Venus’s  total  ingrefs,  as  feen  from  the 
Earth’s  center,  and  at^  when  her  egrefs  begins. 

Draw  Ge  and  gr  parallel  to  the  orbit  of  Venus 
VCO,  and  meafure  them  on  the  fcale  ABhs\  Fig.3, 
the  former  will  be  21"  for  Venus’s  eaftern  parallax 
in  thedireftion  ofher  path,  at  the  above-mentioned 
time  of  her  total  ingrefs,  and  the  latter  will  be  i6"| 
for  her  weftern  parallax  at  the  time  when  her  egrefs 
begins. — The  former  parallax  gives  5 minutes  15 
feconds  of  time  (by  the  analogy  in  § 54.)  to  be 
added  to  VIII  hours  24  minutes,  and  the  latter  pa- 
rallax gives  4 minutes  1 1 feconds  to  be  fubtradled 
from  11  hours  16  minutesi  by  which  we  have  VIII 

hours 


479 


of  the  Vianet t from  the  Sun. 

hours  29  minutes  i5feconds,  for  the  time  of  total 
ingrefs,  as  feen  from  the  banks  of  the  Ganges,  and  II 
hours  1 1 minutes  49  feconds  for  the  beginning  of 
cgrefs,  as  effetfed  by  thefe  parallaxes. 

Draw  Gf  perpendicular  to  V enus’s  orbit  FO  C, 
and  by  meafurement  on  the  fcale  y^B  (Fig.  3.)  ic 
will  be  found  to  contain  10'':  take  10'''  from  the 
fcale  in  Fig.  i.  and  tind,  by  trials,  a point  c,  in  the 
arc  N,  where,  if  one  foot  of  the  compalTes  be 
placed,  the  other  will  juft  touch  the  central  tran- 
fit  line  kl.  Take  theneareft  diftance  from  this  point 
c to  CL,  the  axis  of  Venus’s  orbit,  and  applying 
it  from  t toward  k,  you  will  find  it  fall  a minute, 
fhort  of  k;  which  fhews,  that  Venus’s  parallax 
in  this  dirdlion  fiiortens  the  beginning  of  the  line 
of  her  vifible  tranfit  at  the  Ganges  by  one  minute 
of  time.  Therefore,  as  this  makes  the  vifible  in- 
grefs  a minute  later,  add  one  minute  to  the  above 
VIII  hours  29  minutes  15  feconds,  and  it  will  give 
VIII  hours  30  minues  1 5 feconds  for  the  time  of 
total  ingrefs  in  the  morning,  as  feen  from  the  eaf- 
tern  mouth  of  the  Ganges.  At  the  beginning  of 
egrefs,  the  parallax^^  m the  fame  diredion  is  i''L 
(by  meafurement  on  the  fcale^ffi which  w ill  pro- 
trad  the  beginning  of  egrefs  by  about  30  feconds 
of  time,  and  muft  therefore  be  added  to  the  above 
II  hours  1 1 minutes  49  feconds,  which  will  make 
the  vifible  beginning  of  egrefs  to  be  at  II  hours  12 
minutes  19  feconds  in  the  afternoon. 

58.  Bencoolen  is  102  degrees  eaft  from  the  meri- 
dian of  London-,  and  therefore,  when  the  time  is 
28  minutes  paft  II  in  the  morning  at  London,  it  is 
16  minutes  paft  IX  in  the  morning  at  Bencoolen 
and  when  it  is  20  minutes  paft  VIII  in  the  morn- 
ing at  London,  it  is  8 minutes  paft  III  in  the  after- 
noon at  Bencoolen.  Therefore,  in  Fig.  4.  Bencoolen 
will  be  at  B at  the  time  of  Venus’s  total  ingrefs,  as 

feen  from  the  Earth’s  center  j and  at  b when  her 
egrefs  begins. 


Draw 
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t)raw  B i and  b k parallel  to  Venus’s  orbit  VCOi 
and  meafure  them  on  the  fcale  : the  former  will  be 
found  to  be  22"  for  Venus’s  eaftcrn  parallax  in  the 
diredion  of  her  path  at  the  time  of  her  total  in- 
grelsj  and  the  latter  to  be  19’'!  for  her  wefterri 
parallax  in  the  fame  diredion  when  her  egrefs  be- 
gins, as  feen  from  the  Earth’s  center.  The  firll  of 
thefe  parallaxes  gives  5 minutes  jcfeconds  (by  the' 
analogy  in  § 54.)  to  be  added  to  IX  hours  16  mi- 
nutes, and  the  latter  parallax  gives  4 minutes  52  fe- 
donds  to  befubtraded  from  III  hours  8 minutes; 
whence  we  have  IX  hours  21  minues  30  feconds 
for  the  time  of  total  ingrefs  at  Bencoolen:  and  III 
hours  and  3 minutes  8 feconds  for  the  time  when 
the  egrefs  begins  there,  as  alFeded  by  thefe  two 
parallaxes. 

59.  Draw  Bv  and  b m perpendicular  to  Venus’s 
orbit  VCO^  and  meafure  them  on  the  fcale yf  5;  the 
former  will  be  5"  for  Venus’s  northern  parallax  in 
a diredion  perpendicular  to  her  path,  as  feen  from 
Bencoolen^  at  the  time  of  her  total  ingrefs  j and  the 
latter  will  be  i for  her  northern  parallax  in  that 
diredion  when  her  egrefs  begins.  Take  thefe  pa- 
rallaxes  from  the  fcale.  Fig.  i.  in  your  compaffes, 
and  find,  by  trials,  two  points  in  the  arcs  N and  T 
(Fig.  2.)  where  if  one  foot  of  the  Gompafles  be 
placed,  the  other  will  touch  the  central  tranfit  line 
kl:  draw  aline  from  a to  b,  for  the  line  of  Venus’s 
tranfit  as  feen  from  Bencoolen ; the  center  of  Venus 
being  at  a,  as  feen  from  Bencoolen,  at  the  moment 
of  her  total  ingrefs;  and  atb  at  the  moment  when 
her  egrefs  begins. 

But  as  feen  from  the  Earth’s  center,  the  center 
of  Venus  is  at  k in  the  former  cafe,  and  at  I in  the 
latter:  fo  that  we  find  the  line  of  the  tranfit  is 
longer  as  feen  from  Bencoolen  than  as  feen  from  the 
Earth’s  center,  which  is  the  effed  of  Venus’s  nor- 
thern parallax. — Take5<?in  your  com palTes,  and 
fetting  that  extent  backward  from  / toward  g,  on 
the  central  tranfit-line,  you  will  find  it  will  reach 
two  minutes  beyond  k : and  taking  the  extent  B i 
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in  your  compafTes,  and  fetting  it  forward  from/to- 
ward w,  on  the  central  tranfit-line,  it  will  be  found 
to  reach  3 minutes  beyond  /.  Confequently,  if  we 
fubtradt  2 minutes  from  IX  hours  21  minutes  30 
feconds  (above  found),  we  have  IX  hours  19  mi- 
nutes 3ofeconds,  in  the  morning,  for  the  time  of 
total  ingrefs,  as  I'een  from  Bencoolen:  and  if  we  add 
3 minutes  to  the  above  found  III  hours  3 minutes 
8 feconds,  we  fliall  have  111  hours  6 minutes  8 fe- 
conds afternoon,  for  the  time  when  the  egrefs  be- 
gins, as  feen  from  Bencoolen. 

■ 60.  The  whole  duration  of  the  tranfir,  from  the 
total  ingrefs  to  the  beginningof  egrefs,  as  feen  from 
the  Earth’s  center,  is  5 hours52  minutes  (by  § 40.) 
but  thewhole  duration  from  the  total  ingrefs  to  the 
beginningof  egrefs,  as  feen  from  Bentooleny  is  only 
5 hours  46  minutes  38  feconds  j which  is  5 minutes 
22  feconds  lefs  than  as  feen  from  the  Earth’s  cen- 
ter: and  this  5 minutes  22  feconds  is  the  whole 
effedof  the  parallaxes  (both  in  longitude  and  lati- 
tude) on  the  duration  of  the  tranfit  at  Bencoolen. 

But  the  duration,  as  feen  at  the  mouth  of  the 
Ganges,  from  ingrefs  to  egrefs,  is  ftill  lefsj  for  it 
is  only  5 hours  42  minutes  4 feconds  : which  is  9 
minutes  56  feconds  lefs  than  as  feen  from  the 
Earth’s  center,  and  4 minutes  34  feconds  lefs  than 
as  feen  at  Bencoolen. 

61.  The  ifland  of  St,  Helena  (to  which  only  a 
fmall  part  of  the  tranfit  is  vifible  at  the  end)  will 
be  at  H (as  in  Fig.  4.)  when  the  egrefs  begins  as 
feen  from  the  Earth’s  center.  And  fince  the  mid- 
dle of  that  ifland  is  6°  weft  from  the  meridian  of 
London,  and  the  faid  egrefs  begins  when  the  time 
at  London  is  20  minutes  paft  VIII  in  the  mornino-, 
it  will  then  be  only  56  minutes  paft  VII  in  the 
morning  at  St  Helena. 

Draw  Hn  parallel  to  Venus’s  orbit  VCO,  and 
Ho  perpendicular  to  it  j and  by  meafuring  them  on 
the 'Icale  A B (Fig.  3.)  the  former  will  be  found  to 
amount  to  29'’  for  Venus’s  eaftern  parallax  in  the 
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direction  of  her  path,  as  feen  from  St.  Helena,  when 
her  egrefs  begins,  as  feen  from  the  Earth’s  cente^; 
and  the  latter  to  be  6"  for  her  northern  parallax  in 
a direction  at  right  angles  to  her  path. 

. By  the  analogy  in  § 54,  the  parallax  in  the  direc- 
tion of  the  path  of  Venus  gives  10  minutes-2  fe- 
conds  of  time;  which  being  added  (on  account  of 
its  being  eaftward)  to  VII  hours  56  minutes,  gives 
VIII  hours  6 minutes  2 feconds  for  the  beginning 
of  egrefs  ^x.  St.  Helena,  as  affefted  by  this  parallax. 
— But  6"of  parallax  in  a perpendicular direftion  to 
her  path  (applied  as  in  the  cafe  of  Bencoolen)  length- 
ens out  the  end  of  the  tranfit-iinc  by  one  minute  j 
which  being  added  to  VIII  hours  6 minutes  2 fe- 
conds, gives  VIII  hours  7 minutes  2 fecondsfor  the 
beginning  of  egrefs,  as  feen  from  St.  Helena. 

62.  We  Ihall  now  colleft  the  above-mentioned 
times  into  a fmall  table,  that  they  may  be  feen  at 
once,  as  follows : M figni fits  morni ng,  ^afternoon. 


C The  Earth’s  center 


Total  ingrefs. 
H.M.  S. 

I :r  II.  28  oM 

j London  - - - Invifible.M 

^ e The  Ganges  mouih  VIII  30  15  A/ 
I Bencoolen  - - - 1 X 1 9 30A/ 

^St.  Helena  - - Invifiblc.itf 


Beg.ofeprefs. 
H M.  S. 
VIII  zo  oM 
VIII 17  41M 

II  12  igA 

III  6 
VIII  7 zM 


8As 


Daration. 
H.  M.  S. 

5 52  o* * * § 


42  4 
46  38 


63.  The  times  at  the  three  1 aft-mentioned  places 
are  reduced  to  the  meridian  of  London,  by  fub- 
trafling  5 hours  56  minutes  from  the  times  of  in- 
grefs and  egrefs  at  the  Ganges-,  6 hours  48  mi- 
nutes from  the  times  at  Bencoolen-,  and  adding  24 

• This  duration,  as  feen  from  the  Earth's  center,  is  on  fup- 

poiitton  that  the  femidiameter  of  Venus  would  be  found  equal 

to  37";^,  on  the  Sur.’s  dife,  as  ftated  by  Dr.  Hallej  (fee  Art.  V. 

§ 31)  to  which  all  the  other  durations  are  accommodated.-^- 
But,  from  later  obferrations,  is  is  highly  probable,  that  the 
femidiameter  of  Venus  will  be  found  not  to  exceed  3o"on  the 
Sun  ; and  if  fo,  the  duration  between  the  two  internal  con- 
tadls,  as  feen  from  the  Earth’s  center,  will  be  5 hours  58 
minutes  ; and  the  duration,  as  feen  from  the  above  mentioned 
places,  will  be  lengthened  very  nearly  to  uhe  fame  proportion. 

1 1 minutes 
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minufes  to  the  time  of  beginning  of  egrefs  at 
St  Hdena:  and  being  thus  reduced,  they  are  as 
follows : 

Total  Ingrefs. 

H.M.S. 

Times  at  f (?ij»^«mouth  II  34. 15  /If 
London  < Bencoolen  - - II  31  3°^ 
for  L St.  Helena  - lovifiblell/ 


H.  M.  S. 

VIII 16  igMl  Dora- 
VIII 18  8M  >tions  at 
VIII  3 1 zMj  above. 


64.  All  this  is  on  fuppofition,  that  we  have  the 
true  longitudes  of  the  three  laft-mentioned  places, 
that  the  Sun’s  horizontal  parallax  is  that  the 
true  latitude  of  Venus  is  given,  and  that  her  femi- 
diameter  will  fubtend  an  angle  of  37^'!  on  the  Sun’s 
dife. 

As  for  the  longitudes,  we  muft  fuppofe  them 
true,  until  the  obfervers  afeertain  them,  which  is 
a very  important  part  of  their  bufinefs ; and  with- 
out which  they  can  by  no  means  find  the  interval 
of  abfolute  time  that  elapfeth  between  either  the 
ingrefs  or  egrefs,  as  feen  from  any  two  given  places: 
and  there  is  much  greater  dependance  to  be  had 
on  this  elapfe,  than  upon  the  whole  contraftion  of 
duration  at  any  given  place,  as  it  will  undoubtedly 
afford  a furer  bafis  for  determining  the  Sun’s  pa- 
rallax. 

65.  I have  good  reafon  to  believe,  that  the  lati- 
tude of  Venus,  as  given  in  § 31,  will  be  found  by 
obfervation  to  be  very  near  the  truth  ; but  that  the 
time  of  conjunftion  there  mentioned  will  be  found 
later  than  the  true  time  by  almoft  5 minutes;  that 
Venus’s  femidiameter  will  fubtend  an  angle  of  no 
more  than  30^^00  the  Sun’s  difc;  ahd  that  the 
middle  of  her  tranfit,  as  feen  from  the  Earth’s 
center,  will  be  at  24  minutes  after  V in  the  morn- 
ing, as  reckoned  by  the  equal  time  at  London. 

66.  Subtradl  VlII  hours  17  minutes  41  feconds, 
the  time  when'the  egrefs  begins  at  London^  from 
Vlllhours  3 1 minutes  afeconds,  the  time  reckoned 

when  the  egrefs  begins  at  St, Helena,  and 
I i there 
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there  will  remain  13  minutes  21  feconds  (or  801 
leconds)  for  their  difference,  or  elapfe,  in  abfolute 
time,  between  the  beginningof  egrefs,  as  feen  from 
thefe  two  places. 

Divide  801  feconds  by  the  Sun’s  parallax 
and  the  quotient  will  be  64  feconds  and  a fmall 
fraflion.  So  that  for  each  fecond  of  a degree  in 
the  Sun’s  horizontal  parallax  (fuppofing  it  to  be 
I2"4-)  there  will  be  a difference  or  elapfe  of  64  fe- 
conds of  abfolute  time  between  the  beginning  of 
egrefs  as  feen  from  London,  and  as  feen  from  St. 
Helena',  and  confequently  32  feconds  of  time  for 
every  half  fecond  of  the  Sun’s  parallax ; 1 6 feconds 
of  time  for  every  fourth  part  of  a fecond  of  the 
Sun’s  parallax;  8 feconds  of  time  for  the  eighth 
part  of  a fecond  of  the  Sun’s  parallax;  and  full  4 
ieconds  for  a fixteenth  part  of  the  Sun’s  parallax. 
For,  in  fo  fmall  an  angle  as  that  of  the  Sun’s  pa- 
rallax, the  arc  is  not  fenfibly  different  from  either 
its  fine  or  its  tangent : and  therefore,  the  quantity 
of  this  parallax  is  in  diredt  proportion  to  the  abfo- 
lute difference  in  the  time  of  egrefs  arifing  from 
It,  at  different  parts  of  the  Earth. 

67.  Therefore,  when  this  difference  isafeertained 
by  good  obfervations,  made  at  different  places,  and 
compared  together,  the  true  quantity  of  the  Sun’s 
parallax  will  be  very  nearly  determined.  For, 
fince  it  may  be  prefumed  that  the  beginning  of 
egrefs  can  be  obferved  within  2 feconds  of  its  real 
time,  the  Sun’s  parallax  may  be  then  found  within 
the  32d  part  of  a fecond  of  its  true  quantity  ; and 
conl’equently,  his  diftance  may  be  found  within  a 
400th  part  of  the  whole,  provided  his  parallax  be 
not  Ids  than  I2"4;  for  3^  times  12*-  is  400. 

68.  But  fince  Dr.  Halley  has  affured  us, 

that  he  had  obferved  the  two  internal  contadls 
of  the  planet  Mercury  with  the  Sun’s  edge  fo 
exa6lly,  as  not  to  err  one  fecond  in  the  time,  we 
may  well  imagine  that  the  internal  contafls  of 
Venus  with  the  Sun  may  be  obferved  with  as 
• • •-  4 ' great 
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great  accuracy.  So  that  we  may  hope  to  have  the 
abfolute  interval  beween  the  moments  of  her  be- 
ginning of  egrefs,  as  feen  from  London  and  from  , 
St.  Helena^  true  to  a fecond  of  time  j and  if  fo,  the 
Sun’s  parallax  may  be  determined  to  the  64th  part 
of  a fecond,  provided  it  be  not  kfs  than 
and  confequently  his  diftance  may  be  found,  within 
its  Sooth  partj  for  64  times  11^  is  800:  which 
is  ftill  nearer  the  truth  than  Dr.  Halley  expelled 
it  might  be  found,  by  obferving  the  whole  dura- 
tion of  the  tranfit  in  the  Eaji-Indies  and  at  Port- 
Nelfon.  So  that  our  prefent  Aftronomers  have  ju- 
diciouflyrefolved  to  improve  theDodor’s  method, 
by  taking  only  the  interval  between  the  abfolute 
times  of  its  ending  at  different  places.  If  the 
Sun’s  parallax  be  greater  or  lefs  than  i2"4.,  the 
elapfe  or  difference  of  abfolute  time  between  tlie 
beginning  of  egrefs  at  London  and  St.  Helena,  will 
be  found  by  obfervation  to  be  greater  or  lefs  than 
b’oi  feconds  accordingly. 

69.  There  will  alfo  be  a great  difference  between 

the  abfolute  times  of  egrefs  at  St.  Helena  and  the 
northern  parts  Rujfia,  which  would  make  thcfe 
places  very  proper  for  obfervation.  The  difference 
between  them  at  r oholjk  in  Siberia  and  at  St.  Helena 
will  be  1 1 minutes,  according  to  DeL’I  sle’s  map : 
at  Archangel  it  will  be  but  about  40  feconds  lefs 
than  at  ‘Lobolfk ; and  only  a minute  and  a quarter 
lefs  at  Peterjburg^  even  if  the  Sun’s  parallax  be  no 
more  than  At  the  fame  ad  vantage 

would  nearly  be  gained  as  at  Tobolfi  but  if  theob- 
fervers  could  go  ftill  farther  to  the  eaft,  as  to  2''a- 
koutjk  in  Siberia,  the  advantage  would  be  ftill 
greater  : for,  as  M.DeL’Isle  very  juftly  obferves, 
in  a memoir  prefented  to  the  French  king  with  his 
map  of  the  tranfit,  the  difference  of  time  between 
Venus’s  egrefs  from  the  Sun  at  Takoutjk  and  at  the 
Cape  of  Good  Hope  vj\\\  be  13  ?- minutes. 

70.  This  method  requires  that  the  longitude  of 
each  place  of  obfervation  be  afcertained  to  the 
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grcateft  degree  of  nicety,  and  that  each  obferver’s 
clock  be  exactly  regulated  t-)  the  equal  time  at  his  ' 
place  : for  without  thefe  particulars  it  would  be 
impofllble  for  the  obfervers  to  reduce  the  times 
to  thofe  which  are  reckoned  under  any  given  meri- 
dian; and  without  reducing  the  obferved  times  of 
egrefs  at  different  places  to  the  time  at  fome  given 
place,  the  abfolate  time  that  elapfeth  between  the 
egrefs  at  one  place  and  at  another  could  not  be 
found.  But  the  longitudes  may  be  found,  by  ob- 
ferving  the  eclipfes  of  Jupiter’s  fatellites;  and  a 
true  meridian,  for  regulating  the  clock,  to  thetime 
at  any  place,  may  be  had,  by  obferving  when  any 
given  ftar,  within  io  or  30  degrees  of  the  pole,  is 
ftationary,  with  regard  to  its  azimuth,  on  the  eaft 
and  weft  fides.  of  the  pole;  the  pole  itfelf  being 
the  middle  point  between  thefe  two  ftationary  po- 
fitions  of  the  ftar.  And  it  is  not  material  for  the 
obfervers  to  know  exadUy  either  the  true  angular 
meafure  of  the  Sun’s  diameter,  or  of  Venus’s,  in 
this  cafe  ; for  whatever  their  diameters  be,  it  will 
make  no  fenfible difference  in  iheobferved  interval 
betweerr  the  fame  contadl,  as  feen  from  different 
places. 

71.  In  the  geometrical  conftruclion  of  tranfits, 
the  fcale  (Fig.  3.  of  Plate  XVI.)  may  be  di- 
vided into  any  given  number  of  equal  parts,  an- 
fwering  to  any  affumed  quantity  of  Venus’s  hori- 
zontal parallax  from  the  Sun  (which  is  always  the 
difference  between  the  horizontal  parallaxof  Venus 
and  that  of  the  Sun),  provided  the  whole  length  of 
the  fcale  be  equal  to  the  femidiamctcrof  thcEarh’s 
difc  in  Fig.  4. — Thus,  if  we  fuppofe  Venus’s  hori- 
zontal parallax  from  the  Sun  to  be  only  26"  (in- 
ftead  of  3i^0»  which  cafe  the  Sun’s  horizontal 
parallax  muft  be  10^^.3493,  as  in  § 20,  the  reft  of 
the  projedlion  will  anfwer  to  that  fcale;  as  CD, 
which  contains  only  26  equal  parrs,  is  the  fame 
length  aB  yf.fi,  which  contains  31.  And  by  work- 
ing in  all  other  refpcdls  as  taught  from  § 45  to 
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^ 62,  you  will  find  the  times  of  total  ingrefs  and 
beginning  of  egrefs  ; and  confequently,  irhe  dura- 
tion of  the  tranfic  at  any  given  place,  which  muft 
refult  from  fuch  a parallax. 

72.  In  projections  of  this  kind,  it  may  be  eafily 
conceived,  that  a right  line  pafllng  continually 
through  the  center  of  Venus,  and  a given  point  of 
the  Earth,  and  produced  to  the  Sun’s  difc^  will 
mark  the  path  of  Venus  on  the  Sun,  as  feen  from 
the  given  point  qf  the  Earth  : and  in  this  there  are 
three  cafes,  i.  When  the  given  point  is  the 
Earth’s  center,  at  which  there  is  no  parallax,  either 
in  longitude  or  latitude.  2.  When  the  given  point 
is  one  of  the  poles,  where  there  is  no  parallax  of 
longitude ; but  a parallax  of  latitude,  whofe  quan- 
tity is  eafily  determined,  by  letting  fall  a perpen- 
dicular from  the  pole  upon  the  plane  of  the  eclip- 
tic, and  letting  off  the  parallax  of  latitude  on 
this  perpendicular;  and  here,  the  polar  tranfit-lines 
will  be  parallel  to  the  central,  as  the  poles  have 
no  motion  arifing  from  the  Earth’s  diurnal  rota- 
tion. 3.  The  lait  cafe  is,  when  the  given  point  of 
the  Earth  is  any  point  of  its  furface,  whofe  lati- 
tude is  lefs  than  90  degrees : then  there  is  a paral- 
lax in  latitude  proportional  to  the  perpendicular 
let  fall  upon  the  abovefaid  plane,  from  the  given 
point;  and  a parallax  in  longitude  proportional 
to  the  perpendicular  let  fall  upon  the  axis  of  that 
plane,  from  the  faid  given  point.  And  theeffedt 
of  this  laft  will  be  to  alter  the  tranfit-line,  both  in 
pofition  and  length ; and  will  prevent  its  being 
parallel  to  the  central  tranfit-line,  unlefs  when  its 
axis  and  the  axis  of  the  Earth  coirrcide,  as  feen 
from  the  Sun  ; which  is  a thing  that  may  not  hap, 
pen  in  many  ages,  ^ 
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ARTICLE  VI. 

Concerning  the  map  of  the  tranfit.  Plate  XVII. 

73.  The  title  of  this  map,  and  the  lines  drawn 
upon  it,  together  with  the  words'annexed  to  thefe 
lines,  and  the  numbers  (hours  and  minutes)  on 
the  dotted  lines,  explain  the  whole  of  it  fo  well, 
that  no  farther  dcfcription  fcems  requifite. 

74.  So  far  as  I can  examine  the  map  by  a good 
globe,  the  black  curve  lines  are  in  general  pretty 
well  laid  down,  for  fhewing  at  what  places  the 
tranfit  will  begin,  or  end,  at  fun-rifing  or  fun-fet- 
ting,  to  all  thofe  places  through  which  they  are 
drawn,  according  to  the  times  mentioned  in  the 
map.  Only  I queftion  much  whether  the  tranfit 
will  begin  at  fun-rife  to  any  place  \n  Africa,  that  is 
weft  of  tbe  Red  Sea  j and  am  pretty  certain  that 
the  Sun  will  not  be  rifen  to  the  northernmoft  part  of 
Madagajcar  when  the  tranfit  begins,  as  M.  De 
L’Isle  reckons  the  firft  contatl  of  Venus  with  the 
Sun  to  be  the  beginning  of  the  tranfit.  So  that 
the  line  which  fliews  th,e  entrance  of  Venus  in  the 
Sun’s  difc  at  lun-rifing,  feems  to  be  a little  too  far 
weft  in  the  map,  at  all  places  which  are  fouth  of 
Afa  Minor : but  in  Europe,  I think  it  is  very  well. 

75.  In  delineating  this  map,  I had  M.  DeL’Isle’s 
map  of  the  tranfit  before  me.  And  the  only  dif- 
ference between  his  map  and  this,  is,  i . That  in  his 
map,  the  times  are  computed  to  the  meridian  of 
Paris ; in  this  they  are  reduced  to  the  meridian  of 
London.  2,  I have  changed  his  meridional  pro-r 
jection  into  that  of  the  equatorial ; by  which,  I 
apprehend,  that  the  black  curve  lines,  fhewing  at 
what  places  the  tranfit  begins,  or  ends,  with  the  j 
rifing  or  letting  Sun,  appear  more  natural  to  the  i 
eye,  and  are  more  fully  i'een  at  once,  than  in  the 
map  from  which  I copied  j for  in  that  map  the 
lines  ^e  interrupted  and -broke  in  the  meridian 
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that  divides  the  hemifpheres}  and  the  places  where 
they  ftiould  join  cannot  be  perceived  fo  readily  by 
thofe  who  are  not  well  flcilled  in  the  nature  of  fte- 
reographical  projedtions. — The  like  may  be  faid 
of  many  of  the  dotted  curve  lines,  on  which  are 
exprelTed  the  hours  and  minutes  of  the  beginning 
or  ending  of  the  tranfit,  which  are  the  abfolute 
times  at  thefe  places  through  which  the  lines  are 
drawn,  computed  to  the  meridian  of  London, 

ARTICLE  VII. 

Containing  an  Account  of  Mr.  HorroxT  Ohferva- 
tion  of  the  Tranfit  of  Venus  over  the  Sun,  in  the 
Tear  1639  j as  it  is  fuhlijhed in  the  Annual  Re- 
gime r for  the  Tear  1761. 

76.  When  Kepler  firft  conftru£led  his  (the  Ru- 
dolphine)  Tables  upon  the  obfervations  of  Tycho, 
he  foon  became  fenlible  that  the  Planets  Mercury 
and  Venus  would  fometimes  pafs  over  the  Sun’s 
difc;  and  he  predifted  two  tranfits  of  Venus,  one 
for  the  year  1631,  and  the  other  for  1761,  in  a 
trad  publilhed  zx.  LeipficWn  1629,  entided,  Ad- 
monitio  ad  AJironomos,  iffc.  Kepler  died  fome  days 
before  the  tranfit  in  1631,  which  he  had  predidfed 
was  to  have  happened.  Gajfendi  looked  for  it  at 
Paris,  but  in  vain  {ftt  Mercurius  in  Solevifus,  Cf 
Venus  invi/a).  In  effedt,  the  imperfed  date  of  the 
Rudolphine  Tables  was  the  caufe  that  the  tranfit 
was  expeded  in  1631,  when  none  could  be  ob- 
ferved  j and  thofe  very  tables  did  not  give  rcafon 
to  exped  one  in  1639,  when  one  was  really  ob- 
ferved. 

When  our  illuftrious  countryman  Mr.  Horrox 
firft  applied  himfelf  to  Aftronomy,  he  computed 
Ephemcrides  for  Icveral  years,  from  L.anjhergius'^ 
Tables.  After  continuing  his  labours  for  iome 
time,  he  was  enabled  to  difeover  the  innperfedion 
of  thefe  cables)  upon  which  he  laid  afide  his  work, 

intending 


490 


The  Method  of  finding  the  Bifances 

intending  to  determine  the  pofitions  of  the  ftars 
from  his  own  obfervations.  But  that  the  former 
part  of  his  time  fpent  in  calculating  from  Lanf- 
bergius  might  not  be  thrown  away,  he  made  ufe  or 
his  Ephemerides  to  point  out  to  him  the  fituations 
of  the  planers.  From  hence  he  forefaw  when  their 
conjundtions,  their  appulfes  to  the  fixed  ftars,  and 
the  moft  remarkable  phjcnomena  in  the  heavens 
would  happen  ; and  prepared  himfelf  with  the 
greateft  care  to  obferve  them. 

Hence  he  was  encouraged  to  wait  for  the  import- 
ant obfervadon  of  the  tranfit  of  Venus  in  the  year 
i6j9j  and  no  longer  thoyght  the  former  part  of 

his  time  mif-fpentjfincehisattentiontoI^zwy^er^/aA 

Tables  had  enabled  him  to  difcover  that  rhe  tranfit 
would  certainly  happen  on  the  24th  of  November^ 
However,  as  thefe  Tables  had  fo  often  deceived 
him,  he  was  unwilling  to  rely  on  them  entirely, 

■ but  confulted  other  T ables,  and  particularly  thofe 
of  Kepler\  accordingly,  in  a letter  to  his-friend 
IVtUiam  Crabtree  of  Manchejler^  dared  Hool^  October 
26,  he  communicated  his  difeovery  to  him, 

and  earneftly  defired  him  to  make  whatever  obfer- 
vation  he  pofllbly  could  with  his  telefcope,  parti- 
cularly tomeafure  the  diameter  of  the  planet  Ve- 
nus; which,  according  to  Kepler t would  amount 
to  7 minutes  of  a degree,  and  according  to  Lanf~ 
berghis  to  ii  minutes;  but  which,  according  to 
his  own  proportion;  he  expedbed  it  would  hardly 
exceed  one  minute.  He  adds,  that  according  to 
Kepler,  the  conjundlion  will  be  November  14-i  1639, 
at  B hours  i minute  A.M.  at  Manchefler,  and  that 
the  planet’s  latitude  would  be  14’  10'^  fouth  ; but 
according  to  his  own  correftions,  he  expedled  it  to 
happen  at  3 hours  57.  min.  P.  M at  Manchefler,  with 
10'  fouth  latitude.  But  becaufe  a fmall  alteration 
in  Kepler  s numbers  would  greatly  alter  the  time 
of  conjunftion,  and  the  quantity  of  the  planet’s 
latitude,  he  advifes  to  watch  the  whole  day,  and 
even  on  the  preceding  afternoon,  and  the  morning 
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of  the  25th,  though  he  was  entirely  of  opinion 
that  the  tranfit  would  happen  on  the  24th. 

After  having  fully  weighed  an.d  examined  the 
feveral  methods  of  obferving  this  uncommon  phe- 
nomenon, he  determined  to  tranfmit  the  Sun’s 
image  through  a telefcope  into  a dark  chamber, 
rather  than  through  a*  naked  aperture,  a method 
greatly  commended  by  Kepler-,  for  the  Sun’s  image 
is  not  given  fufficiently  large  and  diftinft  by  the 
latter,  unlefs  at  a very  great  diftance  from  the  aper- 
ture, which  the  narrownefs  of  his  fituation  would 
not  allow  of } nor  would  Venus’s  diameter  be  well 
defined,  unlefs  the  aperture  were  very  fmall; 
whereas  his  telefcope,  which  rendered  the  folar 
fpots  difiindtly  vifibie,  would  Ihew  him  Venus’s 
diameter  well  defined,  and  enable  him  to  divide 
the  Sun’s  limb  more  accurately. 

He  defcribed  a circle  on  paper  which  nearly 
equalled  fix  inches,  the  narrownefs  of  the  place  not 
allowing  a larger  fize  but  even  this  fize  admitted 
divifions  fufficiently  accurate.  He  divided  the  cir- 
cumference into  360  degrees,  and  the  diameter 
into  30  equal  parts,  each  of  which  were  fubdivided 
into  4,  and  the  whole  therefore  into  120.  The 
fubdivifion  might  have  ftill  been  carried  farther, 
but  he  trufted  rather  to  the  accuracy  and  nicenefs- 
of  his  eye. 

When  the  time  of  obfervation  drew  near,  he 
adjufted  the  apparatus,  and  caufed  the  Sun’s  dif- 
tind:  image  exadly  to  fill  the  circle  on  the  paper ; 
and  though  he  could  not  exped:  the  planet  to  enter 
upon  the  Sun’s  difc  before  three  o’clock  in  the 
afternoon  of  the  24th,  from  his  own  correded 
numbers,  upon  which  he  chiefly  relied ; yet,,  be- 
caufe  the  calculations  in  general  from  other  tables 
gave  the  time  of  conjundion  iriuch  fooner,  and 
lome  even  on  the  23d,  he  obferved  the  Sun  from 
the  lime  of  its  rifing  to  nine  o’clock ; and  again, 
a little  before  ten  j at  noon,  and  at  one  in  the  after- 
noon, being  called  in  the  intervals  to  bufinefs  of 

the 


4 ^‘2  ^he  Method  of  finding  the  Difiances 

the  higheft  moment,  which  he  could  not  negleft. 
But  in  all  thefe  times  he  faw  nothing  on  the  Sun’s 
Tace,  except  one  fmall  fpot,  which  he  had  Teen  on 
the  preceding  day  j and  which  alTo  he  afterward 
faw  on  fome  of  the  following  days. 

But  at  3 hours  15  minutes  in  the  afternoon, 
which  was  the  firft  opportunity  he  had  of  repeating 
his  obfervations,  the  clouds  were  entirely  difperfed 
and  invited  him  to  feize  this  favourable  occafion, 
which  feemed  to  be  providentially  thrown  in  his 
way  j for  he  then  beheld  the  mofl:  agreeable  fio-ht, 
a fpot,  which  had  been  the  objeft  of  his  mod  fan- 
guine  wifhes,  of  an  unufual  fize,  and  of  a perfedUy 
circular  lhape,  juft  wholly  entered  upon  the  Sun’s 
difc  on  the  left  fide;  fo  that  the  limbs  of  the  Sun 
and  Venus  perfeclly  coincided  in  the  very  point  of 
contacft.  He  was  immediately  fenfible  that  this 
fpot  was  the  planet  Venus,  and  applied  himfelf 
with  the  utmoft  care  to  profecute  his  obfervations. 

And,  Firfi,  with  regard  to  the  inclination,  he 
found,  by  means  of  a diameter  of  the  circle  fet  per- 
pendicular to  the  horizon,  the  plane  of  the  circle 
being  fomewhat  reclined  on  account  of  the  Sun’s 
altitude,  that  Venus  had  wholly  entered  upon  the 
Sun’s  difc,  at  3 hours  15  minutes,  at  about  62°, 
30'  (certainly  between  60°  and  from  the  ver- 
tex toward  the  right  hand.  (Thefe  were  the  ap- 
pearances within  the  dark  chamber,  where  the 
Sun’s  image  and  motion  of  the  planet  on  it  were 
both  inverted  and  reverfed.)  And  this  inclination 
continued  conftant,  at  leaft  to  all  fenfe,  till  he  had 
ftniflied  the  whole  of  his  obfervation. 

Secondly,  dTe  diftances  obferved  afterward  be- 
tween the  centers  of  the  Sun  and  Venus  were  as 
follows ; At  3 hours  15  minutes  by  the  clock,  the 
diftance  was  14'  24";  at  3 hours  35  minutes,  the 
diftance  was  13'  30";  at  3 hours  45  minutes,  the 
diftance  was  13'  o" . The  apparent  time  of  fun- 
fetting  was  at  3 hours  50  minutes — the  true  time 
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3 hours  45  minutes — refraftion  keeping  the  Sun 
above  the  horizon  for  the  fpace  of  5 minutes. 

’Thirdly  y He  found  Venus’s  diameter,  by  repeated 
obfervations,  to  exceed  a thirtieth  part  of  the  Sun’s 
diameter,  by  a fixth,  or  at  mofl:  a fifth  fubdivifion. 
—The  diameter  therefore  of  the  Sun  to  that  of 
Venus  may  be  exprefied,  as  30  to  1.12.  It  cer- 
tainly did  not  amount  to  i.  30.  nor  yet  to  1.20. 
And  this  was  found,  by  obferving  Venus  as  well 
when  near  the  Sun’s  limb,  as  when  farther  removed 
from  it. 

The  place  where  this  obfervation  was  made,  was 
an  obfcure  village  called  Hoof  about  15  miles 
northward  of  Liverpool.  The  latitude  of  Liverpool 
had  been  often  determined  by  Horrox  to  be  53'"*  20'; 
and  therefore,  that  of  Hool'^Wl  be  53°  35'.^  The 
longitude  of  both  feemed  to  him  to  be  about  22° 
30'  from  the  Fortunate  LJlands : that  is  14°  15'  to 
the  weft  of  Uraniburg. 

Thefe  were  all  the  obfervations  which  the  Ihort- 
nefs  of  the  time  allowed  him  to  make  upon  this 
moft  remarkable  and  uncommon  fight;  all  that 
could  be  done,  however,  in  fo  fmall  a Ipace  of  time, 
he  very  happily  executed ; and  fcarcely  any  thing 
farther  remained  for  him  to  defire.  In  regard  to 
the  inclination  alone,  he  could  not  obtain  the  ut- 
moftexaftnefs;  for  it  was  extremely  difficult,  from 
the  Sun  s rapid  motion,  to  obferve  it  to  any  cer- 
tainty within  the  degree.  And  he  ingenuoufly  con- 
felTes  thatheneitherdid,  nor  could  poffiblyperform 
It.  The  reft  are  very  much  to  be  depended  upon  • 
and  as  exacft  as  he  could  wiffi.  ' 

Ur  Crabtree,  at  Manchefier,  whom  Mr.  Horrox 
had  defired  to  obferve  this  tranfir,  and  who  in  ma- 
thematical knowledge  was  inferior  to  few  very 
readily  complied  with  his  friend’s  requeft’;  but 
the  flcy  was  very  unfavourable  to  him,  and  he  had 
only  one  fight  of  Venus  on  the  Sun’s  difc,  which 
was  about  3 hours  35  minutes  by  the  clock;  the 
un  then,  for  the  firft  time,  breaking  out  from  the 
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clouds  j at  which  time,  he  fketched  out  Venus^i 
fituation  upon  paper,  which  Horrox  iaund  to  coin- 
cide with  his  own  obfervations. 

Mr.  Horrox,  in  his  treatife  on  this  fubjefl,  pub- 
liflied  by  Hevelius,  and  from  which  almoft  the 
whole  of  this  account  has  been  colleded,  hopes 
for  pardon  from  the  aftronomical  world,  for  not 
making  his  intelligence  morepublickj  but  his 
difcovery  was  made  too  late.  He  is  dcfirous  how- 
ever, inthefpirit  of  a true  philofopher,  that  other 
aftronomers  were  happy  enough  toobferve  it,  who 
might  either  confirm  or  corrcdt  his  obfervations. 
But  fuch  confidence  was  rep.ofed  in  the  tables  at 
that  time,  that  it  docs  not  appear  that  this  tranfit 
of  Venus  was  obferved  by  any  befides  our  two  in- 
genious countrymen,  who  profecuted  their  aftro- 
nomical  ftudies  with  fuch  eage'rnefs  and  precifion, 
that  they  muft  very  foon  have  brought  their  fa- 
vourite fcience  to  a degree  of  perfedlion  unknown 
at  thofe  times.  But  unfortunately  Mr.  Horrox  died 
on  the  3d  of  January  1640-1,  about  the  age  of 
25,  juft  after  he  had  put  the  laft  hand  to  his  trea- 
tife,  entitled  Venus  in  Sole  vija,  in  which  he  (hews 
himfelf  to  have  had  a more  accurate  knowledge 
of  the  dimenfions  of  the  Solar  Syftem  than  his 
learned  commentator  Hevelius — So  far  the  Annual 
Regijler. 

In  the  year  1691  *,  Dr.  Halley  gave  in  a paper 
upon  the  tran fi t of  V c n us  (See Abridg- 
ment of  the  PhilofophicalTranfadions,  page  434.), 
in  which  he  obferves,  from  the  tables  then  in  ufe, 
that  Venus  returns  to  a conjun61ion  with  the  Sun 
in  her  afcending  node  in  a period  of  18  years, 
wanting  1 days  10  hours  52^  minutes;  but  that 
in  the  fecond  conjundion  fhc  will  have  got  24'  41'' 
farther  to  the  Ibuth  than  in  the  preceding.  That 
after  a period  of  235  years  2 hours  10  minutes  9 
' feconds,  flie  returns  to  a conjundion  more  to  the 
north  by  I V 33" ; and  after  243  years,  wanting  43 

* See  the  Conneifitnee  dtsTcmfs  for  A-D.  1761. 
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minutes  In  a point  more  to  tbc'fouth  by  13'  8". 
But  if  the  fecond  conjun(ftion  is  in  the  year  next 
after  leip-year,  it  will  be  a day  later. 

The  intervalsof  theconjundions  at  the  defcend- 
ingnode  are  iomewhat  different.  The  fecond  hap- 
pens in  a period  of  8 years,  wanting  2 days  6 hours 
55  minutes,  Venus  being  got  more  to  the  north 
by  19"  58".  After  235  years  2 days  8 hours  18 
minutes,  fhe  is  9'  2 \”  more  fouthcrly  : only,  if  the 
firfl:  year  is  a biffextile,  a day  mull  be  added.  And 
after  243  years  o days  i hour  23  minutes,  the 
conjundion  happens  io'37^'  more  to  the  north  j 
and  a day  later,  if  the  firll  year  was  biffextile.  It  is 
fuppofcd,  as  in  the  old  ftyle,  that  all  the  centurial 
years  are  biffcxtiles. 

Hence,  Dr.  Hah.^y  finds  the  years  in  which  \ 
franfit  may  happen  at  the  afcending  node,  in  the 
month  of  November  (old  ftilej  to  be  thefe — 918, 
1161,  1396,  1631,  1639,  1874,  2109,  2117:  and 
the  tranfits  in  the  month  of  May  (old  ftile)  at  the 
defeending  node,  to  be  in  thefeyears — 1048, 1283, 
1518,  1526,  1761,  1769,  1996,  2004. 

In  the  firft  cafe.  Dr.  Halley  makes  the  vifible 
inclination  of  Venus’s  orbit  to  be  9°  5',  and  her 
horary  motioq  on  the  Sun  4'  7".  In  the  latter, 
he  finds  her  vifible  inclination  to  be  8'  28",  and 
her  horary  motion  4'  o" , In  either  cafe  the  greateft 
pofilble  duration  of  a tranfit  is  7 hours  56  minutes. 

Dr.  Halley  could  even  then  conclude,  that  if 
the  interval  in  time  between  the  two  interior  con- 
tads  of  Venus  with  the  Sun  could  be  meafured  to 
the  exadnefs  of  a fecond,  in  two  places  properly 
fituated,  the  Sun’s  parallaxmight.be  determined 
within  its  50odth  part.  But  leveral  years  after, 
he  explained  this  affair  more  fully,  in  a paper 
concerning  the  tranfit  of  Venus  in  the  year  176 1 j 
which  was  publifhed  in  the  Philofophical  Tranf- 
adions,  and  of  which  the  third  of  the  preceding 
articles  is  a tranfiation  ; the  original  havi^ig  been 
wrote  in  L^tm  by  the  Dodor.  ^ 
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article  VIII. 

Containing  a fio or t account  ofjome  ohfervations  of  the 
unfit  of  Venus,  A.D.  1761,  June  6 Nevj 
Stile  j and  the  dijiances  of  the  Planets  from  the 
Sun,  as  deduced  from  thofe  ohfervations. 

Early  in  the  morning,  when  every 'aftronomer 
was  prepared  for  obferving  the  tranfit,  it  unluckily 
happened,  that  both  at  London,  and  the  Royal  Ob- 
fervatory  at  Greenwich,  the  ^y  was  fo  overcafl 
with  clouds,  as  to  render  it  doubtful  whether  any 
part  of  the  tranfit  fl-iould  be  feen  : — and  it  was  38 
minutes  21  feconds  pad  7 o’clock  (apparent  time) 
at  Greenwich,  when  the  Rev.  Mr.  Blifs  our  Adro- 
nomer  Royal,  fird  faw  Venus  on  the  Sun;  at  which 
indant,  the  center  of  Venus  preceded  the  Sun’s 
center  by  6'  18".  9 of  right  afcenfion,  and  was  fouth 
of  the  Sun’s  center  by  1 1'  42".  1 of  declination. — 
From  that  time  to  the  beginning  of  egrefs  the 
Dodtor  made  feveral  obfervations,  both  of  the  dif- 
ference of  right  afcenfion  and  declination  of  the 
centers  of  the  Sun  and  Venus;  and  at  lad  found 
the  beginning  of  egrefs,  or  indant  of  the  internal 
contadt  of  Venus  with  the  Sun’s  limb,  to  be  at  8 
hours  1 9 minutes  o feconds  apparent  time. — From 
the  Dodlor’s  own  obfervations,  and  thofe  which 
were  made  at  Shirhurn  by  another  Gentleman,  he 
has  computed,  that  the  mean  time  at  Greenwich  of 
the  ecliptical  conjundlion  of  the  Sun  and  Venus 
was  at  51  minutes  20  feconds  after  5 o’clock  in 
the  morning;  that  the  place  of  the  Sun  and  Venus 
■w'as  11  (Gemini)  15°  36' 33";  and  that  the  geo- 
centric latitude  of  Venus  was  <f  -9  fouth. — 
her  horary  motion  from  the  Sun  f 57".  13  retro- 
grade;— and  the  angle  then  formed  by  the  axis  0/ 
the  equator,  and  the  axis  of  the  ecliptic,  was  6“ 
f 34",  decreafing  hourly  i minute  of  a degree.— 
By  the  means  of  three  good  oblervations,  the  dia- 
meter of  Venus  on  the  Sun  was  58". 

Mr. 
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Mr.  Short  made  his  obfervations  at  Savile-Houfe 
in  London^  30  feconds  in  time  weft  from  Greenwich^ 
in  prefence  of  his  Royal  Highnefs  the  Duke  of 
accompanied  by  their  Royal  Highnefles  Prince 
William^  Prince  Henry,  and  Prince  Frederick. — He 
firft  faw  Venus  on  the  Sun,  through  flying  clouds, 
at  46  minutes  37  feconds  after  5 o’clock  j and  at 
6 hours  15  minutes  12  feconds  he  meafurcd  the 
diameter  of  Venus  5P^^8. — He  afterward  found  it 
to  be  5 8".  9 when  the  fky  was  more  favourable.— 
And,  through  a reflefting  telefcope  of  two  feet 
focus,  magnifying  140  times,  he  found  the  internal 
contaft  of  Venus  with  the  Sun’s  limb  to  be  at  8 
hours  18  minutes  2i|  feconds,  apparent  time; 
which,  being  reduced  to  the  apparent  time  at 
Greenwich,  was  8 hours  18  minutes  51 1 feconds: 
fo  that  his  time  of  feeing  the  conta<^  was  8 \ feconds 
fooner  (in  abfolute  time)  than  the  inftant  of  its  be- 
ing feen  at  Greenwich. 

MeflTrs,  Ellicott  and  Holond  obferved  the  inter- 
nal conra6i;  at  Hackn^,  and  their  time  of  feeing  it, 
reduced  to  the  time  at  Greenwich,  was  at  8 hours 
18  minutes  36  feconds,  which  was  4 feconds  fooner 
in  abfolute  time  than  the  contadtwas  feen  mGreen- 
wicb. 

Mr.  Canton,  in  Spittle fquare,  London,  4'  n" 
weft  of  Greenwich  (equal  to  i6  feconds  44  thirds 
of  time),  meafured  the  Sun’s  diameter  3 ^33^^24’^^, 
and  the  diameter  of  Venus  on  the  Sun  58'';  and 
by  obfervation  found  the  apparent  time  of  the  in- 
ternal contaft  of  Venus  with  the  Sun’s  limb  to  be 
at  8 hours  18  minutes  41  feconds  j which,  by  re- 
dudlion,  was  only  2^  feconds  fliort  of  the  time  at 
the  Royal  Obfervatory  at  Greenwich, 

• Reverend  Mr.  Richard Haydon,  2lI  Lejkeard, 
in  Cornwall,  (16  minutes  10  feconds  in  time  weft 
from  London,  as  ftated  by  Dr,  Revis,)  obferved  the 
mternal  contaift  to  be  at  8 hours  o minutes  20 
feconds,  which  by  redudlion  was  8 hours  16  minutes 
2,0  ieconds  at  Greenwich:  fo  that  he  muft  have  feen 
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it  1 minutes  30  feconds  fooner  in  abfolute  time 
than  it  was  feen  at  Greenwich — a difference  by 
much  coo  great  to  be  occafioned  byithe  difference 
of  parallaxes.  But  by  a memorandum  of  Mr. 
Haydon'siotut  years  before,  it  appears  that  he  then 
fuppofed  hisweft  longitude  ro  be  near  two  minutes 
more;  which  brings  his  time  to  agree  within  half 
a minute  of  the  time  at  Greenwich ; ito  which  the 
parallaxes  will  very  nearly  anfwer. 

At  Stockholm  Obfervatory,  latitude  59®  20|^ 
north,  and  longitude  i hour  1 2 minutes  eaft. from 
Greenwich,  the  whole  of  the  tranfit  was  vifible; 
the  total  ingrefs  was  obferved  by  Mr.  Wargentin 
to  be  at  3 hours  39  minutes  23  feconds  in  the 
morning,  and  the  beginning  of  egrefs  at  q hours 
30  minutes  8 feconds ; fo  that  the  whole  duration 
between  the  two  internal  contafls,  as  feen  at  that 
place,  was  5 hours  50. minutes  45  .feconds. 

At 'Torneo  \n  Lapland  ( i hour  27  minutes  28 
•feconds  eaff  of  Paris ) Mr.  PJellant,  who  iseftcemed 
a very  good  obferver,  found  the  total  ingrels  to  be 
at  4 hours  3 minutes  59  feconds  ; and  the  begin- 
ning of  egrefs  to  be  9 hours  54  minutes  8 feconds. 
— So  that  the  whole  duration  between  the  two  in- 
ternal contafls  was  5 hours  50  minutes  9 feconds. 

At  Hernojand,  in  Sweden  (latitude  6o°38f  north, 
and  longitude  i hour  2 minutes  12  feconds  eaft  of 
Paris ),  Mr.  obferved  the  total  ingrefs  to  be 

at  3 hours  38  minutes  26  feconds;  and  the  begin- 
ning'of  egrefs  to  be  at  9 hours  29  minutes  21 
feconds. — The  duration  between  thefe  two  internal 
contadls  5 hours  50  minutes  56  feconds. 

Mr.  De  la  Lande,  at  Paris,  obferved  the  begin- 
ning of  egrefs  to  be  at  8 hours  28  minutes  26 
feconds  apparent  time — But  M.t.Ferner  (who  was 
then  atConJlans,  14.1'' welt  of  the  Royal  Obferva- 
tory at  Paris)  obferved  the  beginning  ot  egrefs  to 
be  at  8 hours  28  minutes  29  feconds  true  time. 
The  equation,  or  difference  between  the  true  and 
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apparent  time,  was  i minute  54  feconds. — The 
total  ingrefs,  being  before  the  Sun  rofe,  could  not 
be  feen . 

AtTobolfk,  in  Siberia^  Mr.  Chappe  obferved  the 
total  ingrefs  to  be  at  7 hours  o minutes  28  feconds 
in  the  morning,  and  the  beginning  of  egrefs  to  be 
at  49  minutes  204- feconds  after  12  at  noon. — So 
that  the  whole  duration  of  the  tranfit  between  the 
internal  contadls  was  5 hours  48  minutes  524-  fe- 
conds, as  feen  at  that  place j which  wks  2 minutes 
34  feconds  lefs  than  as  feen  at  Hernofand  in  Sweden, 

At  MadrafSi  the  Reverend  Mr.  Hirjl  obferved 
the  total  ingrefs  to  be  at  7 hours  47  minutes  55 
feconds  apparent  time  in  the  morning;  and  the 
beginning  of  egrefs  at  i hour  39  minutes  38  feconds 
paft  noon. — Theduration  between  thefe  twointer- 
nal  contadls  was  5 hours  51  minutes  43  feconds. 

ProfelTor  Mathenci^  at  Bologna^  obferved  the  be- 
ginning of  egrefs  to  be  at  9 hours  4 minutes  58 
feconds. 

At  Calcutta  (latitude  22°  30'  north,  nearly  92® 
eaft  longitude  from  London ) Mr.  William  Magee . 
obferved  the  total  ingrefs  to  be  at  8 hours  20 
minutes  58  feconds  in  the  morning,  and  the  begin- 
ning of  egrefs  to  be  at  2 hours  ii  minutes  34 
feconds  in  the  afternoon.  Theduration  between  the 
two  internal  contafts  5 hours  50 minutes 36feconds. 

At  the  Cape  of  Good  Hope  ( i hour  13  minutes  35 
feconds  eaft  from  Greenwich)  Mr.  Mafon  obferved 
the  beginning  of  egrefs  to  be  at  9 hours  39  minutes 
50  feconds  in  the  morning. 

All  thefe  times  are  colleded  from  the  obferver’s 
accounts,  printed  in  the  Philofophical  Tranfaftions 
for  the  year  1762  and  1763,  in  which  there  are 
feveral  other  accounts  that  I have  not  tranfcribed, 

. — The  inftants  of  Venus’s  total  exit  from  the  Sun 
are  likewife  mentioned  ; but  they  are  here  left  out 
as  not  of  any  ufe  for  finding  the  Sun’s  parallax.* 

Whoever  compares  thefe  times  of  the  internal 
contains,  as  given  in  by  difFerentobfervers,  will  find 
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fuch  difference  among  them,  even  thofe  which  were 
taken  upon  the  fame  fpot,  as  will  (hew,  that  the 
inftant  of  either  contaft  could  not  be  fo  accurately 
perceived  by  the  obfervers  as  Dr.  Halley  thought 
It  could  j which  probably  arifes  from  the  difference 
of  people’s  eyes,  and  the  different  magnifying 
powers  of  thofe  telefcopes  through  which  the  con- 
tafts  were  feen. — If  all  the  obfervers  had  made 
ufe  of  equal  magnifying  powers,  there  can  be  no 
doubt  but  that  the  times  would  have  more  nearly 
coincided  5 fince  it  is  plain, that  fuppofingall  their 
eyes  to  be  equally  quick  and  good,  they  whofe 
telefcopes  magnified  moft,  would  perceive  the 
point  of  internal  contaft  fooneff,  and  of  the  total 
exit  lateft. 

Mr.  ^hort  has  taken  an  incredible  de^l  of  pains 
in  deducing  the  quantity  of  the  Sun’s  parallax, 
from  the  beft  of  thofe  oblervations  which  were 
made  both  in  Britain  and  abroad:  and  finds  it  to 
have  been  on  the  day  of  the  tranfit,  when 

the  Sun  was  very  nearly  at  his  greateft  diftance 
from  the  Earth  j and  confequently  8'-  65  when  the 
Sun  is  at  his  mean  diftance  from  the  Earth. — And 
indeed,  it  would  be  very  well  worth  every  curious 
perfon’s  while,  to  purchafe  the  fecond  part  of  Vo- 
lume Lll.of  the  Ehilofophical  Tranfaftions,  for 
the  year  1763  ; even  if  it  contained  nothing  more 
than  Mr.  Short's  paper  on  that  fubjedf. 

The  log.  fine  (or  tangent)  of  8".65  is  5,62 1 9 140, 
which  being  fubtrafted  from  the  radius  10.0000000, 
leaves  remaining  the  logarithm  4.3780860,  whofe 
number  is  23882.84-,  which  is  the  number  of 
femidiameters  of  the  Earth  that  the  Sun  is  diftant 
from  it. — And  this  laft  number,  23882.84,  being 
multiplied  by  3985,  the  number  o(  Englijh  miles 
contained  in  the  Earth’s  fcmidiameter,  gives 
95,173,127  miles  for  the  Earth’s  mean  diftance 
from  the  Sun.-: — But  becaufe  it  is  impofiible,  from 
the  niceft  obfervations  of  the  Sun’s  parallax,  to  be 
lure  of  its  true  diftance  fropfi  the  Earth  within  100 
10  miles, 
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we  (hall  prefentj  for  the  fake  of  round 
numbers*  ftate  the  harth’s  mean  diftance  from  the 
Sun  at  95,i73jOOo£»^/^)^  miles.  , 

And  then*  from  the  numbers  and  analogies  in 
§ 1 1 and  14  of  this  DilTertation,  we  find  the  mean 
diftances  of  all  the  reft  of  the  planets  from  the 
Sun  in  miles  to  be  as  follows: — Mercury’s  dif- 
tance*  36,841,468;  Venus’s  diftance,  68*891,486} 
Mars’s  diftance,  145,014,148;  Jupiter’s  diftance, 
494, 990,0^76;  and  Saturn’s  diftance,  907,956,130. 

So  that  by  comparing  thefe  diftances  with  thofe 
in  the  Tables  at  the  end  of  the  chapter  on  the 
Solar  Syftem  **  it  will  be  found  that  the  dimen- 
fions  of  the  Syftem  are  much  greater  than  what 
was  formerly  imagined : and  confequently,  that 
the  Sun  and  all  the  planets  (except  the  Earth)  are 
much  larger  than  as  ftated  in  that  table. 

The  fcmidiameter  of  the  Earth’s  annual  orbit 
being  equal  to  the  Earth’s  mean  diftance  from  the 
Sun,  VIZ,  95,173,000  miles*  the  whole  diameter 
is  190,346,000  mileSi  And  fince  the  diameter  of 
a circle  is  to  its  circumference  as  i to  3.14159  the 
circumference  of  the  Earth’s  orbit  is  5975989,090 
miles. 

And,  as  the  Earth  defcribes  this  orbit  in  365 
days  6 hours  (or  in  8766  hours),  it  is  plain  that 
it  travels  at  the  rate  of  68,217  miles  every  hour, 
and  confequently  11,369  miles  every  minute;  fo 
that  its  velocity  in  its  orbit  is  at  leaft  142  times 
as  great  as  the  velocity  of  a cannon-ball,  fuppofing 
the  ball  to  move  through  8 miles  in  a minute* 
which  it  is  found  to  do  very  nearly  : — and  at  this 
rate  it  would  take  22  years  228  days  for  a Cannon- 
ball to  go  from  the  Earth  to  the  Sun. 

On  the  3d  of  June^  in  the  year  1769,  Venus 
will  again  pafs  over  the  Sun’s  difc,  in  fuch  a man- 
ner, as  to  afford  a much  eafier  and  better  method 
of  invcftigatingthe  Sun’s  parallax  than  her  tranfit 
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in  the  year  176 1 has  done.— But  no  part  of  Britain 
will  be  proper  for  obferving  that  tranfit,  fo  as  to 
deduce  any  thing  with  refpetfl  to  the  Sun’s  paral- 
lax from  it,  becaufe  it  will  begin  but  a little  be- 
fore fun-fet,  and  will  be  quite  over  before  2 o’clock 
next  morning. — The  apparent  timeof  conjunftion 
of  the  Sun  and  Venus,  according  to  Dr.  Halley’s 
Tables,  will  be  at  13  minutes  paft  10  o’clock  at 
night  at  London-,  at  which  time  the  geocentric 
latitude  of  Venus  will  be  full  10  minutes  of  a de- 
gree north  from  the  Sun’s  center:— and  therefore, 
as  feen  from  the  northern  parts  of  the  Earth, 
Venus  will  be  confiderably  deprefled  by  a parallax 
of  latitude  on  the  Sun’s  dife  j on  which  account, 
the  vifible  duration  of  the  tranfit  will  be  length- 
ened ; and  in  the  fouthern  parts  of  the  Earth  Ihc 
will  beelevated  bya  parallax  of  latitudeontheSun, 
which  will  Ihorten  the  vifible  duration  of  the  tranfit, 
with  refpedt  to  its  duration  as  fuppofed  to  be  feen 
from  the  Earth’s  center  j to  both  which  aJffedlions 
of  duration  the  parallaxes  of  longitude  will  alfo 
confpire. — So  that  every  advantage  which  Dr. 
Halley  expefted  from  the  late  tranfit  will  be 
found  in  this,  without  the  lead;  difficulty  or  embar- 
raffiment. — It  is  therefore  to  be  hoped,  that  nei- 
ther coft  nor  labour  will  be  fpared  in  duly  obferv- 
ing this  tranfit  j efpecially  as  there  will  not  be  fuch 
another  opportunity  again  in  lefs  than  105  years 
afterward. 

The  moft  proper  places  for  obferving  the  tranfit 
in  the  year  1769,  is  in  the  northern  parts  Lap- 
land,  and  the  Solomon  Ifies  in  the  great  South-Sea ; 
at  the  former  of  which,  the  vifible  duration  be- 
tween the  two  internal  contadls  will  be  at  leaft  22 
minutes  greater  than  at  the  latter,  even  though  the 

Sun’s  parallax  fliould  not  be  quite  9". If  it  be 

f.  (which  is  the  quantity  I had  affumed  in  a deli- 
neation of  this  tranfit,  which  I gave  in  to  the 

Royal 
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Royal  Society  before  I had  heard  what  Mr.  Short 
had  made  it  from  the  obfervations  on  the  late 
tranfit),  the  difference  of  the  vifible  durations,  as 
feen  in  Lapland  and  in  the  Solomon  IJles^  will  be  as 
cxprelTed  in  that  delineation  ; and  if  the  Sun’s 
parallax  be  lefs  than  (as  I now  have  very  good 
reafon  to  believe  it  is),  the  difference  of  durations 
will  be  lefs  accordingly. 
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The  numeral  Figures  refer  to  the  Articles,  and 
the  fmall  n to  the  Notes  on  the  Articles, 
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i 

/ 

' 'acceleration  of  the  Stars,  221. 

Angle^  what,  185,  n. 

Annual  Parallax  of  the  Stars,  196. 

Anomaly^  what,  239. 

AntienU^  their  fuperftitious  notions  of  Eclipfes,  329, 

Their  method  of  dividing  the  Zodiac,  361. 

Antipodes^  what,  122, 

Apftdesy  line  of,  238.  , 

Archimedes,  his,  ideal  problem  for  moving  the  Earth, 

»59- 

Areas,  deferibed  by  the  Planets,  proportional  to  the  times, 

153- 

AJlronomy,  the  great  advantages  arlfing  from  it  both  in  our 
religious  and  civil  concerns,  i. 

Difeovers  the  laws  by  which  the  Planets  move,  and  are 
retained  in  their  Orbits,  2. 

Atmofphere,  the  higher  the  thinner,  174. 

Its  prodigious  expaniion,  ibid. 

Its  whole  weight  on  the  Earth,  175. 

Generally  thought  to  be  heavieil  when  it  is  lighted, 
176. 

Without  it,  the  Heavens  would  appear  dark  in  the  day> 
time,  177. 

Is  the  caufe  of  Twilight,  ibid. 

Its  height,  ibid. 

Refradls  the  Sun’s  rays,  178. 

Caufeth  the  Sun  and  Moon  to  appear  above  the  Hori- 
zon when  they  are  really  below  it,  ibid. 

Foggy*  deceives  us,  in  the  bulk  and  diftance  of  objeils, 
185. 

AttraSlion,  105— 107. 

Decreafes  as  the  fquare  of  the  diftance  increafes,  io6. 

Greater  in  the  larger  than  in  the  fmaller  Planets,  138. 

Greater  in  the  Sun,  tha.n  in  all  the  Planets  if  put  to- 
gether, ibid. 

Axis 


index. 


Axh  of  the  Planets^  what,  19. 

Their  different  pofitions  with  refpe£l  to  one  another, 
120. 

Axis  of  the  Earth,  its  Parallelifm,  202. 

. Its  pofition  variable  as  feen  from  the  Sun  or  Moon,  338. 
the  Phenomena  thence  arifing,  3/j.o. 

B. 

Bodies,  on  the  Earth,  lofe  of  their  weight  the  nearer  they 
are  to  the  Equator,  117. 

How  they  might  lofe  all  their  weight,  118. 

How  they  become  vifible,  167. 

'■  '■'•'V.  c. 

Calculator  (an  Inftrument)  defcrlbed,  399. 

Calendar,  how  to  infcribe  the  Golderr  Numbers  right  in 
it  for  thewing  the  days  of  New  Moons,  386. 

Cannon-Bail,  its  fwiftnefs,  89. 

In  what  times  if  would  fly  from  the  Sun  to  the  different 
Planets  and  fixed  Stars,  ibid. 

Cassini,  his  account  of  a double  Star  eclipfed  by  the . 
Moon,  58. 

His  Diagrams  of  the  Paths  of  the  Planets,  138, 

Catalogue  of  the  Eclipfes,  327. 

Of  the  Conftellations  and  Stars,  362. 

Of  remarkable  aEras  and  Events,  396. 

Celejlial  Globe  i^oi. 

Centripetal  and  centrifugal  forces,  how  they  alternately 
overcome  each  other  in  the  motions  of  the  Planets, 
152—154. 

Changes  in  the  Heavens,  366, 

Circles,  of  perpetual  Apparition  and  Occultation,  128. 

Of  the  Sphere,  198. 

Contain  360  Degrees,  whether  they  be  great  or  fmalJ, 
207. 

Civil  Tear,  what,  474. 

Columbus  (Christopher)  his  ffory  concerning  an 
' Eclipfe,  330. 

Clocks  and  IVatches,  an  eafy  method  of  knowing  whether 
they  go  true  or  falfe,  223. 

Why  they  feldom  agree  with  the  Sun  if  they  go  true, 
Z28 — 245, 


Clocks 


INDEX. 


Clocks  ard  Watches^  how  to  regulate  them  by  Equation 
Tables  and  a Meridian  Line,  225,  226. 

Cloudy  365. 

Cometarium  (an  inftrument)  deferibed,  400. 

Ccn/iellations,  ancient,  their  number,  359. 

The  number  of  Stars  in  each,  according  to  different 
Aftronomers,  362. 

CycUf  Solar,  Lunar,  and  Romifh,  383. 

D. 

Darknefs  at  our  Saviour’s  crucifixion  fupernatural,  395. 

Day^  natural  and  artificial,  what,  380. 

And  Night,  always  equally  long  at  the  Equator,  126. 

Natural,  not  compleated  in  an  abfolute  turn  of  the 
Earth  on  its  Axis,  222. 

Degree,  whar,  207. 

Digit,  what,  336,  n. 

DireStion,  (Number  of)  389. 

Dijiances  of  the  Planets  from  the  Sun,  an  Idea  of  them,  89. 

A Table  of  them,  98. 

How  found,  190  ; and  in  the  Differtation  on  the  Tranfit 
of  Venus,  Chap.  XXKI. 

Diurnal  and  annual  Motions  of  the  Earth  illujlrated,  200, 

202. 

Dominical  Letter,  309. 

Double  projeSlile  force,  a balance  to  a Quadruple  power  of 
Gravity,  153. 

Double  Star  covered  by  the  Moon,  58. 


E. 

Earth,  its  Bulk  but  a point  as  feen  from  the  Sun,  3. 

Its  Diameter,  annual  period,  and  diftance  from  the  Sun, 

T urns  round  its  Axis,  tbid. 

Velocity  of  its  equatorial  Parts,  ibid. 

Velocity  in  its  annual  Orbit,  ibid. 

Inclination  of  its  Axis,  48. 

Proof  of  its  being  globular,  or  nearly  fo,  49,  314. 
Meafurement  of  its  furface,  50,  51. 

, Difference  betweeO  its  equatorial  and  polar  diameters, 
76. 

Its  motion  round  the  Sun  deir.onfiratcd  by  gravity^ 

108, 


INDEX. 


Jo8,  III,  by  Dr.  Bradley’s  obfcrvationSj 
by  the  Eclipfes  of  Jupiter’s  Satellites,  2 f 9.  ^ 

Earthy  its  diurnal  motion  highly  probable  from  the  ab-^ 
furdity  that  muft  follow  upon  fuppofing  it  not  to 
move,  111,  122.  and  demonftrable  from  its  figure, 
116.  this  motion  cannot  be  felt,  119. 

Objedions  againft  its  motion  anfwercd,  112,  121. 

It  has  no  fuch  thing  as  an  upper  or  an  under  fide,  122^ 
in  what  cafe  it  might,  123. 

The  fwiftnefs  of  its  motion  in  its  Orbit  compared 
with  the  velocity  of  light,  197. 

Its  diurnal  and  annual  motions  illuftrated  by  an  cafy 
experiment,  200.  ^ 


Proved  to  be  lefs  than  the  Sun,  and  bigger  than  the 
Moon,  315. 

Eafter  Cycle,  388. 

EcUpfareon  (an  Inftrument)  deferibed,  405. 

Eclipfes  of  Jupiter’s  Satellites,  how  the  Longitude  is  found 
by  them,  212.  they  demonftrate  the  velocity  of  light* 
216. 

Of  the  Sun  and  Moon,  312 — 356. 

Why  they  happen  not  in  every  month,  316. 

When  they  muft  be,  317. 

Their  Limits,  ibid. 

Their  Period,  320. 

A diflertation  on  their  progrefs,  ibid. 

A large  Catalogue  of  them,  327. 

Hiftorical  ones,  328. 

More  of  the  Sun  than  of  the  Moon,  and  why,  33 1* 

The  proper  Elements  for  their  calculation  and  projeC* 
tion,  353. 

Eclipticy  its  figns,  their  names  and  charadlers,  gr. 

Makes  different  angles  with  the  Horizon  every  hour  and 
minute,  275..  how  thefe  Angles  may  be  eftimated  by 
the  pofition  of  the  Moon’s  horns,  260. 

Its  obliquity  to  the  Equator  lefs  now  than  it  was  for- 
merly, 368. 

Elongationsy  of  the  Planets,  as  feen  by  an  Obferver  at  reft 
on  the  outfideof  all  their  Orbits,  133. 

Of  Mercury  and  Venus,  as  feen  from  the  Earth,  illuf- 
trated,  142.  its  quantity,  143. 

Of  Mercury,  Venus,  the  Earth,  Mars,  and  Jupiter  j 
their  quantities,  as  feen  from  Saturn,  147, 

Equation  of  time,  224 — 245. 

Equator^  day  and  night  always  equal  there,  126. 


Equator 


INDEX. 


JBquator  makes  always  the  fame  Angle  with  the  Horizon  of 
the  fame  place  j the  Ecliptic  not,  274,  275. 

Ewinoiiial  Points^  in  the  Heavens,  their  preceffion,  246. 
a very  different  thing  from  the  receffion  or  anticipa^ 
tion  of  the  Equinoxes  on  the  Earth,  the  one  no  ways 
occailoned  by  the  other,  249» 

^ras  or  Epochs,  396. 

Excentricitits  of  the  Planets’ Orbits,  i^5» 

F 

Falkeies  in  judging  of  the  bulk  of  objefts  by  their  appa- 
rent diftance,  185.  applied  to  the  folution  of  the 
horizontal  Moon,  187. 

Flrjl  Meridian,  what,  207. 

Fixed  Stars,  why  they  appear  of  lefs  magnitude  when 
viewed  through  a telefcopc  than  by  the  bare  eye,  354. 

Their  number,  355. 

Their  divifion  into  different  Claffes  and  Conftellations, 

358,  359* 

G. 

[ 

General  Phenomena  of  a fuperior  Planet  as  feen  from  an  in- 
ferior, 149. 

Qeorglum  Sidus,  its  diftance,  diameter,  magnitude,  an- 
nual revolution,  84,  n. 

Not  readily  diftinguiflied  from  a fixed  Star,  ibid. 

Inclination  of  its  orbit,  ibid. 

Place  of  its  Nodes,  ibid. 

Its  Satellites,  their  diftance,  periods,  and  remarkable 
pofition  of  their  orbits,  ibid. 

Gravity,  demonftrable,  1 01— 104. 

Keeps  all  bodies  on  the  Earth  to  its  furface,  or  brings 
them  back  when  thrown  upward  j and  conftitutes 
their  weight,  loi,  122. 

Retains  all  the  Planets  in  their  Orbits,  103. 

Decreafes  as  the  fquare  of  the  diftance  increafes,  106. 

Proves  the  Earth’s  annual  motion,  io8. 

Demonftrated  to  be  greater  in  the  larger  Planets  than 
in  the  fmaller ; and  ftronger  in  the  Sun  than  in  all 
the  Planets  together,  158. 

Hard  to  underftand  what  it  is,  l6o. 

Adts  every  moment,  162,  s 


Globe 


I N D E Xj 

Globe  (Celeftlal),  improved,  401, 

Great  Tear^  251, 


H. 

Harmony  of  theceleftial  motions,  in. 

Harvejl- Moon^  273 — 293. 

None  at  the  Equator,  273. 

Remarkable  at  the  Polar  Circles,  285. 

In  what  years  moft  and  lefs  advantageous,  292. 

Heaty  decreafes  as  the  fquare  of  the  diftance  from  the  Sun 
increafes,  169. 

Why  not  greateft  when  the  Earth  is  neareft  the  Sun, 
205. 

Why  greater  about  three  o’clock  in  the  afternoon  than 
when  the  Sun  is  on  the  Meridian,  300. 

Heavem^  feem  to  turn  round  with  different  velocities  as 
feen  from  the  different  Planets;  and  on  different 
Axes  as  I'een  from  moft  of  them,  120. 

Only  one  Hemifphere  of  them  feen  at  once  from  any 
one  Planet’s  furface,  125. 

The  Sun’s  Center  the  only  point  from  which  their 
true  motions  could  be  feen,  135. 

Changes  in  them,  366. 

Horizon,  what,  125,  n.  » 

Horizontal  Moon  explained,  187. 

Horizontal  Parallax,  of  the  Moon,  190 ; of  the  Sun, 
19 1 3 beft  obferved  at  the  Equator,  193. 

Hour  Circles,  what,  208. 

Hour  of  time  equal  to  15  degrees  of  motion,  ibid. 

How  divided  by  the  "Jews,  Chaldeans,  and  Arabians, 
382. 

Huvgenius,  his  thoughts  concerning  the  diftance  of  fomc 
Stars,  5. 


I.  * 

Jnclination  of  Venus’s  Axis,  29. 

Of  the  Earth’s,  48. 

Of  the  Axis  or  Orbit  of  a Planet  only  relative,  201. 
Inhabitants  of  the  Earth  (or  any  other  Planet)  ftand  on 
oppofite  fides  with  their  feet  toward  one  another,  yet 
each  thinks  himfelf  on  the  upper  fide,  122. 


J N D E X. 


J- 

, < • 

yulian  Period^  393. 

Jupiter^  its  diftance,  diameter,  diurnal  and  annual  revo- 
lutions, 67 — 69. 

The  Phenomena  of  its  belts,  70. 

Has  no  difference  of  feafons,  71. 

Has  four  Moons,  72.  their  grand  Period,  73.  the 
Angles  which  their  Orbits  fubtend,  as  fetn  from 
the  Earth,  74.  moft  of  them  are  eclipfed  in  every 
revolution,  75. 

yupiter,  the  great  difference  between  its  equatorial  and 
polar  diameters,  76. 

The  inclination  of  its  Orbit,  and  place  of  its  Afcending 
Node,  77.  ' 

The  Sun’s  light  3000  times  as  ftrong  on  it  as  Full 
Moon  light  is  on  the  Earth,  85. 

Is  probably  inhabited,  86. 

The  amazing  ftrength  required  to  put  it  in  motion, 
158. 

The  figures  of  the  Paths  defcribed  by  its  Satellites,  269. 

L. 

the  inconceivable  fmalinefs  of  its  particles,  165: 
and  the  great  mifchief  they  would  do  if  they  were 
larger,  166. 

Its  furprifing  velocity,  166.  compared  with  the  fwift- 
nefs  of  the  Earth’s  annual  motion,  197. 

Decreafes  as  the  fquare  of  the  diftance  from  the  lumi- 
nou:,  body  increafes,  169. 

Is  refraded  in  palling  through  different  Mediums, 
171— 173. 

Affords  a proof  of  the  Earth’s  annual  motion,  197, 
219. 

In  what  time  it  comes  from  the  Sun  to  the  Earth,  216; 
this  explained  by  a figure,  217. 

Limits  of  Eclipfes,  317. 

Linei,  of  the  Nodes,  what,  317;  has  a retrograde  mo- 
tion, 319. 

Of  Sines  and  Chords,  how  to  make,  369. 

Lono  (Rev.  Dr.)  his  method  of  comparing  the  quan- 
tity of  the  furface  of  dry  Land  with  that  of  the  Sea, 
51- 


Long, 


index. 

Long,  his  glafs  fphere,  126. 
Longitude,  how  found,  207—213, 
Lucid  Spots  in  the  Heavens,  364. 
Lunar  Cyde  deficient,  385, 


M. 

JlLagellanic  Clouds,  365. 

Adan,  of  a middle  fize,  how  much  prefled  by  the  weight 
of  the  Atmofphere,  175}  why  this  preffure  is  not 
felt,  ibid. 

Mars,  its  Diameter,  Period,  Diftance,  and  other  Phe- 
nomena, 64—67. 

Matter,  its  properties,  99, 

Mean  Anomaly,  what,  239, 

Mercury,  its  Diameter,  Period,  Diftance,  lAc,  22. 

Appears  in  all  the  fliapes  of  the  Moon,  23. 

When  it  will  be  feen  on  the  Sun,  24. 

The  inclination  of  its  Orbit  and  Place  of  its  Afcendine 
^ode,  ibid. 

Its  Path  delineated,  138. . 

Experiment  to  fhcw  its  Phafes,  and  apparent  Motion, 
142. 

Mercury  (Quickfilver)  in  the  Barometer,  why  not  affeded 
by  the  Moon’s  raifing  Tides  in  the  Air,  311, 

Meridian,  firft,  2O7. 

Line,  how  to  draw  one,  226. 

Milky  PL'ay,  what,  363, 

Months,  Jewijh,  Arabian,  Egyptian,  and  Grecian,  378. 

Moon,  her  Diameter  and  Period,  52. 

Her  Phafes,  53,  255. 

Shines  not  by  her  own  light,  54, 

Has  no  difference  of  feafons,  55. 

The  Earth  is  a moon  to  her,  56, 

Has  no  Atmofphere  of  any  vifihle  Denfity,  58 ; nor 
Seas,  59. 

How  her  inhabitants  may  be  feppofed  to  meafure  their 
year,  62. 

Her  light  compared  with  daylight,  85. 

The  eccentricity  of  her  Orbit,  98. 

Is  nearer  the  Earth  now  than  fhe  was  formerly,  163. 

Appears  bigger  on  the  Horizon  than  at  any  confidcr- 
able  height  above  it,  and  why,  187,  yet  is  feen 
much  under  the  fame  Angle  in  both  cafes,  188. 

Moon^ 
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Her  furface  mountainous,  252 : if  fmooth,  (he  could 
give  us  no  light,  ibid. 

Why  no  hills  appear  round  her  edge,  253. 

Has  no  Twilight,  254. 

Appears  not  always  quite  round  when  full,  256. 

Her  Phafes  agreeably  reprefented  by  a globular  Stone 
viewed  in  Sunlhine  when  fhe  is  above  the  Hori- 
zon, and  the  obferver  placed  as  if  he  faw  her  on 
the  top  oi  the  Stone,  258. 

Turns  round  her  Axis,  262. 

The  length  of  her  Solar  and  Sydereal  day,  ibid. 

Her  periodical  and  fynodical  revolution  reprefented  by 
the  motions  of  the  hour  and  minute  hands  of  a 
Watch,  264, 

Her  Path  delineated,  and  fhewn  to  be  always  concave 
to  the  Sun,  265 — 268. 

Her  motion  alternately  retarded  and  accelerated,  267. 

Her  gravity  toward  the  Sun  greater  than  toward  the 
Earth  at  her  Conjundtion,  and  why  fhe  does  not 
then  abandon  the  Earth  on  that  account,  268. 

Rifes  nearer  the  time  of  Sun-fet  when  about  the  full 
in  harveft  for  a whole  week  than  when  fhe  is  about 
the  full  at  any  other  time  of  the  year,  and  why, 
273 — 284:  this  rifing  goes  through  a courfe  of  in- 
creafing  and  decreafing  benefit  to  the  farmers  every 
19  years,  292. 

Continues  above  the  Horizon  of  the  Poles  for  fourteen 
of  our  natural  days  together,  293. 

Proved  to  be  globular,  314;  and  to  be  lefs  than  the 
Earth,  315. 

Her  Nodes,  317;  afeending  and  defeending, 
their  retrograde  motion,  319. 

Her  acceleration  proved  from  ancient  Eclipfes,  322,  ». 

Her  Apogee  and  Perigee,  336, 

Not  invifible  when  fhe  is  totally  eclipfed,  and  why,  346. 

How  to  calculate  her  Coniundlions,  Oppofitions,  and 
Echpfes,  353. 

How  to  find  her  age  in  any  Lunation  by  the  Golden 
Number,  423. 

Morning  zr\d  Evening  Star ^ what,  145. 

Motion,  naturally  reflilineal,  100. 

Apparent,  of  the  Planets  as  feen  by  a fpedlator  at  reft 
on  the  outfide  of  all  their  Orbits,  133;  and  of  the 
Heavens  as  feen  from  any  Planet,  1 54, 


LI 


N,  Natural 
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Natural  Day^  not  completed  In  the  time  that  the  Earth 
turns  round  its  Axis,  222. 

New  and  Full  Moon^  to  calculate  the  ticnes  of,  353. 

New  Stars,  366  ; cannot  be  Comets,  367. 

New  Stile,  its  original,  377. 

Nodes  of  the  Planets  Orbits,  their  places  in  the  Eclip- 
tic, 20. 

Of  the  Moon’s  Orbit,  317  j their  retrograde  motion 
319. 

Nonagefimal  Degree,  what,  259. 

Numler  of  Dire£iion,  389. 


O. 

ObjeSls,  we  often  miftake  their  bulk  by  miftaking  their 
diftance,  185. 

Appear  bigger  when  feen  through  a fog  than  through 
clear  air,  and  why,  ibid,  this  applied  to  the  folution 
of  the  horizontal  Moon,  187. 

Oblique  Sphere,  what,  1 3 1. 

Olympiads,  what,  323.  «. 

Orbits  of  the  Planets  not  folid,  2i. 

Orreries  deferibed,  397,  398,  399. 

P. 


Parallax,  Horizontal,  what,  19O. 

Parallel  Sphere,  what,  131. 

Path  of  the  Moon,  265 — 267. 

Of  Jupiter’s  Moons,  269. 

Pendulums,  their  vibrating  flower  at  the  Equator  than 
near  the  Poles  proves  that  the  Earth  turns  on  its 
Axis,  117. 

Penumbra,  what,  336. 

Its  velocity  on  the  Earth  in  Solar  EcHpfes,  337. 
Period  of  EcHpfes,  320,  326, 

Phafes  of  the  Moon,  255. 

Planets,  much  of  the  fame  nature  with  the  Earth,  ir. 
Some  have  Moons  belonging  to  them,  12. 

Move  all  the  fame  way  as  feen  from  the  Sun,  but  not 
as  feen  from  one  another,  18. 

Their  Moons  denote  them  to  be  inhabited,  86. 

()  Planets, 
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■Plamts^  the  proportional  breadth  of  the  Sun’s  difc,  as 
feen  from  each  of  them,  87. 

Their  proportional  bulks  as  Iben  from  the  Sun,  88« 

An  idea  of  their  diftances  from  the  Sun,  8g. 

Appear  bigger  and  lefs  by^  turns,  and  why,  go. 

Are  kept  in  their  Orbits  by  the  power  of  gravity,  loi, 
150 — 158. 

Their  motions  very  irregular  as  feen  from  the  Earth, 

The  apparent  motions  of  Mercury  and  Venus  deli- 
neated by  Pencils  in  an  Orrery,  138. 

Elongations  of  all  the  reft  as  feen  from  Saturn,  147. 

Defcribe  equal  areas  in  equal  times,  153. 

The  excentricities  of  their  Orbits,  155. 

In  what  times  they  would  fall  to  the  Sun  by  the  power 
of  gravity,  157. 

Difturb  one  another’s  motions,  the  confequence  of 
it,  163. 

Appear  dimmer  when  feen  through  telefcopes  than  by 
the  bare  eye,  the  reafon  of  this,  17c. 

Planetary  Globe  defcribed,  402. 

Polar  Circles^  ig8. 

Polesy  of  the  Planets,  what,  ig. 

Of  the  world,  what,  122. 

Celeftial,  feem  to  keep  in  the  fame  points  of  the  Hea- 
vens all  the  year,  and  why,  i 

ProjeSlile  Force,  150;  if  doubled,  would  require  a qua- 
druple power  of  gravity  to  retain  the  Planets  in  their 
Orbits,  153. 

Is  evidently  an  impulfe  from  the  hand  of  the  Al- 

MIGHTY,  1 61. 

PrecrJJion  of  the  Equinoxes,  246 — 251. 

Syftem  abfurd,  g6,  140. 


R. 

’■Rays  of  Light,  when  not  difturbed,  move  in  ftraight  lines, 
and  hinder  not  one  another’s  motions,  168. 

Are  refraded  in  palling  through  different  mediums,  1 7 1, 

RefieSUon  of  the /lunofphere,  caufes  the' Twilight,  177. 

Re  fronton  of  the  /Itmojphere  bends  the  Rays  of  Li^ht  from 
ftraight  lines,  and  keeps  the  Sun  and  Moon  longer 
in  light  than  they  would  otherwife  be,  j 78. 

A furprifing  inftance  of  this,  183. 

LI  2 


✓ 


Refraiiion 


index. 


Reframon  of  the  Atmofphere  muft  be  allowed  for  in  taking 
the  Altitudes  of  the  celcftial  bodies,  ibid,  ^ 

Right  Spherey  1 3 1. 


S. 

\ 

Satellites^  the  times  of  their  revolutions  round  their  pri- 
mary Planets,  52,  73,  80. 

Their  Orbits  compared  with  each  other,  with  the  Or- 
bits of  the  primary  Planets,  and  with  the  Sun’s  cir- 
cumference, 271. 

What  fort  of  curves  they  deferibe,  272. 

Saturn,  with  his  Ring  and  Moons,  their  Phaenomcna, 
78,  79,  82. 

The  Sun’s  light  1000  times  as  flrong  to  Saturn  as  the 
light  of  the  Full  Moon  is  to  us,  85. 

The  Phaenomena  of  his  Ring  farther  explained,  204. 

Our  bltJfed'SAviovts.y  the  darknefs  at  his  Crucifixion  fu- 
pernatural,  352. 

The  prophetic  year  of  bis  Crucifixion  found  to  agree 
with  an  allronomical  calculation,  395. 

Seafotis,  difFerenr,  illuftrated  by  an  eafy  experiment,  20O  j 
by  a figure,  202. 

ShadoiVy  what,  312. 

Sidereal  Time,  what,  221 ; the  number  of  Sydereal  Days 
in  a year  exceeds  the  number  of  Solar  Days  by  one, 
and  why,  222. 

An  eafy  method  for  regulating  Clocks  and  Watches  by 
if,  223. 

Smith,  (Rev.  Dr.)  his  comparifon  between  Moon-light 
and  day- light,  85. 

His  demonftraiion  that  light  decreafes  as  the  fquare  of 
the  difiance  from  the  luminous  body  increafes,  169. 

( Mr.  Gkorge)  his  Difl'ertation  on  the  Progrefs  of  a fo- 
Jar  Eclipfe  ; following  the  Tables  at  320. 

Solar  AJironomer,  the  judgement  he  might  be  fuppofed  to 
make  concerning  the  Planets  and  Stars,  135,  136. 

Sphere,  parallel,  oblique,  and  right,  131. 

Its  Circles,  198. 

Spring  and  Neap  Tides,  30  2. 

ly/flrj,  their  vaft  diftance  fiom  the  Earth,  3,  196. 

Probably  not  all  at  the  fame  difiance,  4. 

Sh:ne  by  their  nvim  light,  and  are  therefore  Suns,  7. 
prqb2b]y  to  other  world?,  8.  . 

' ' Starsy 


INDEX. 


StarSi  a proof  that  they  do  not  move  round  the  Earth,  111. 

Have  an  apparent  flow  motion  round  the  Poles  of  the 
Ecliptic,  and  why,  251. 

A Catalogue  of  them,  362.' 

Cloudy,  365. 

New,  366. 

Some  of  them  change  their  places,  367. 

Starry  Heavens  have  the  fame  appearance  from  any  part 
of  the  Solar  Syftem,  132. 

Sun,  appears  bigger  than  the  Stars,  and  why^  4. 

Turns  round  his  Axis,  18, 

His  proportional  breadth  as  feen  from  the  different 
Planets,  87. 

Defcribes  unequal  arcs  above  and  below  the  Horizon  at 
different  times,  and  why,  130. 

His  center  the  only  place  from  which  the  true  motions 
of  the  Planets  could  be  feen,  135. 

Is  for  half  a year  together  vifible  at  each  Pole  in  its 
turn,  and  as  long  invifible,  200,  294. 

Is  nearer  the  Earth  in  Winter  than  in  Summer,  205. 

Why  his.  motion  agrees  fo  feldom  with  the  motion  of  a 
well-regulated  Clock,  224 — 245. 

Would  more  than  fill  the  Moon’s  Orbit,  271. 

Proved  to  be  much  bigger  than  the  Earth,  and  the 
Earth  to  be  bigger  than  the  Moon,  315. 

Syflems^  the  Solar,  17—95;  the  Ptolemean,  q6:  the 

1 ychonic,  97. 


T. 

Table  0^  the  Periods,  Revolutions,  Magnitudes,  Diftances, 
of  the  Planets,  facing  §98. 

Of  the  Air’s  rarity,  comprefiion,  and  expanfion,  at  dif- 
ferent heights,  174. 

Of  refraflions,  182. 

for  converting  time  into  motion,  and  the  reverfe,  220. 

For  (hewing  how  much  of  the  celeflial  Equator  palfes 
over  the  Meridian  in  any  part  of  a mean  Solar  Day  ; 
and  how  much  the  ftars  accelerate  upon  the  meari 
Solar  time  for  a month,  221. 

Of  the  firft  part  of  the  Equation  of  time,  229  ; of  the 
fecaud  part,  241. 

Of  the  preceflioo  of  the  Equinoxes,  247. 

C)f  the  length  of  Sydcrcal,  Julian,  and  rri.pical  Years, 
• i V 251. 


Of 


INDEX. 


Of  the  Sun’s  place  and  Anomaly,! 

Of  the  Ecjuation  of  Natural  Da^s,  > following  2Cr. 

Of  the  Equation  of  Time,  j 
Of  the  Conjunctions  of  the  hour  and  minute  hands  nf 
a Watch,  264. 

Of  the  Curves  defcribed  by  the  Satellites,  272. 

Of  the  difference  of  Time  in  the  Moon’s  rifing  and 
fetting  on  the  parallel  of  London  every  day  during 
her  couffe  round  the  Ecliptic,  277. 

Of  the  returns  of  a Solar  Eclipfe,  320.  t 

Of  Eclipfes,.  327. 

For  calculating  New  and  Full  Moons  and  Eclipfes, 
following  353. 

Of  the  Conftellations  and  number  of  Stars,  362. 

Of  the  JewiJh,  Egyptian^  Arabic^  and  Grecian  months,  379. 
For  inferting  the  Golden  Numbers  right  in  the  Calen- 
dar, 386. 

Of  the  times  of  all  the  New  Moons  for  76  Years,  387. 
Of  remarkable  ^Eras  or  Events,  396. 

Of  the  Golden  Number,  Number  of  DlreClion,  Do- 
minical Letter,  and  Days  of  the  Months,  following 
39^- 

Thales’s  Eclipfe,  323. 

Thucydides’s  Eclipfe,  324. 

Tides^  their  Caufe  and  Phenorhena,  295 — 31 1, 

Tide- Dial  defcribed,  404. 

Trajediorium  Lunare  defcribed,  403. 

Tropics,  198. 

Twilight,  none  in  the  Moon,  254. 

Tychonic  Syjiem  ahiuxd,  . 

u. 

Univerfe,  the  Work  of  Almighty  Power,  5,  i6r. 

Up  and  down,  only  relative  terms,  122. 

Upper  or  under  fide  of  the  Earth,  no  fuch  thing,  123. 

V. 

Velocity  of  Light  compared  with  the  velocity  of  the  Earth 
in  its  annual  Orbit,  197. 

Venus,  her  bulk,  diftance,  period,  length  of  days  and 
nights,  26.  ' 

penus 


INDEX. 


p^enus  ftiines  not  by  her  own  light,  26. 

Is  our  morning  and  evening  Star,  28, 

Her  Axis,  how  fituated,  29. 

Her  furprifing  phenomena,  29 — 43. 

The  inclination  of  her  Orbit,  45. 

When  fhe  will  be  feen  on  the  Sun,  iild. 

How  it  may  probably  be  foon  known  if  flic  has  a Sa- 
tellite, 46. 

Appears  in  all  the  thapes  of  the  Moon,  23,  141. 

An  experiment  to  fliew  her  Phafes  and  apparent  Mo- 
tion, 141. 

'Vifion^  how  caufed,  167. 


W. 

Weathefy  not  hotteft  when  the  Sun  is  neareft  to  us,  and 
why,  205. 

Weighty  the  caufe  of  it,  122. 

Worldy  not  eternal,  164.  ‘ 


Y.  . 

Yeary  370.  Great,  251.  Tropical,  371.  Sydereal,  372. 
Lunar,  373.  Civil,  374.  Biflextile, iSomaw,  376. 
Jewijhy  Egyptiariy  Arabicy  and  Grectan,  378,  379  ; how 
long  it  would  be  if  the  Sun  moved  round  the  Earth, 
III. 


Z. 

Zsdiacy  what,  366. 

How  divided  by  the  ancients,  361, 
Zonesy  what,  199, 
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'DIRECTIONS  to  the  PLATES 


’The  Orrery  Plate  fronting  the  Title  Page. 


Plate  I 
II 
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III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 


— fronting  Page  7 

— 67 

— 103 

~ 117 

— — — 121 

- — — 217 

— — 219 

— — 235 

— — — . 273 

335 

- — — 427 

~ — 435 

— — 455 

— — 469 

— — — 487 
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